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MULTIBAND DATA COMMUNICATION APPARATUS , COMMUNICATION METHOD OF 
MULT I BAND DATA COMMUNICATION APPARATUS , AND STORAGE MEDIUM 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a multiband 
data communication apparatus, a communication method of a 
multiband data communication apparatus, and a storage medium for 
storing a program used to execute the communication method of the 
multiband data communication apparatus. More specifically, the 
present invention is directed to a multiband data communication 
apparatus, a communication method of a multiband data 
communication apparatus, and a storage medium, capable of 
suppressing a circuit scale to a minimum circuit scale, and further 
capable of preventing a deterioration in a baseband signal. 

As a conventional dual band data communication apparatus, 
or a conventional multiband data communication apparatus, one 
conventional data communication apparatus is represented in Fig* 
12. That is, Fig. 12 is an arrangement diagram of a conventional 
multiband data communication apparatus . In this case, as the data 
communication apparatus , such a data communication apparatus is 
conceived as a mobile communication apparatus typically known as 
a digital portable telephone and a paging receiver. 

This conventional multiband data communication apparatus 
is arranged by comprising an antenna 101, a local oscillator 104, 
a receiver unit, and a transmitter unit. In this apparatus, the 
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receiver unit is provided with an RF (radio frequency) amplifier 
102 , a downconverter 103, an intermediate frequency amplifier 105, 
a quadrature demodulator 1208 , and a data output circuit 1221, 
whereas the transmitter unit is provided with a (high power) power 
5 amplifier 602, an upconverter 603, a quadrature modulator 1218, 
and a waveform generating circuit 1222. Referring now to the 
multiband data communication apparatus shown in Fig. 12, the 
conventional technique will be described. 

First, in the receiver unit , a modulated reception signal 

10 which is received by the antenna 101 is amplified by the RF 

amplifier 102, and thereafter the amplified reception signal is 
entered into the downconverter 103. The downconverter 103 may 
output such signals having frequencies which are defined by adding 
the frequency of the amplified reception signal to a frequency 

15 of a local oscillation signal 152 outputted from the local 

oscillator 104, and also by subtracting the frequency of the 
amplified reception signal from the frequency of the local 
oscillation signal 152 . In this case, it is now assumed that while 
using either a low-pass filter or a high-pass filter, the 

2 0 downconverter 103 selects as a reception intermediate frequency 
signal 151, a signal having such a subtraction frequency lower 
than the frequency of the received RF signal. The reception 
intermediate frequency signal 151 having the frequency lower than 
the frequency of the reception signal , which is outputted from 

2 5 the downconverter 103 is amplified by the intermediate frequency 
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amplifier 105. Then, the amplified intermediate frequency 
signal is entered into the quadrature demodulator 12 08. 

The quadrature demodulator 1208 is arranged by two sets 
of quadrature mixers 109 and 110, a reception local oscillator 
5 111/ and a phase shifter 1209. The quadrature mixers 109 and 110 
convert the reception intermediate frequency signal into a 
reception baseband signal 157 and another reception baseband 
signal 158. The reception local oscillator 111 precisely outputs 
a signal having a carrier frequency equal to a central frequency 
10 of the reception intermediate frequency signal. The phase 
shifter 1209 produces two signals^i^7 and whose phase 

difference is 90 degrees from the reception local signal, and then 
enters both the signals / *^-7 and^i5€ into the quadrature mixers 
109 and 110. 

15 The quadrature demodulator 12 08 enters thereinto the 

amplified reception intermediate frequency signal, and then 
outputs two sets of reception baseband signals 157 and 158 whose 
phase difference is 90 degrees. The data output circuit 1221 
decodes reception data 159 by utilizing a phase relationship 

20 between the reception baseband signals 157 and 158 having the phase 
difference by 90 degrees from each other. 

Next, a description will now be made of operations of the 
receiver unit having the quadrature demodulator 1208 equipped 
with the above-explained function. 

2 5 In general, assuming now that orthogonal baseband signal 



components are I(t) and Q(t) , and an angular frequency of a carrier 
wave is "caRF", a reception signal SRF(t) may be expressed by the 
following formula ( 1 ) : 

SRF(t) = I(t)cos[ ooRFt ] +Q ( t ) s in [ coRFt ] (1) 

It should be noted that a coefficient of an amplitude which is 
equally applied to the respective terms of the below-mentioned 
formulae is negligible * 

Also, assuming now that an angular frequency of a local 

oscillation signal is "ooLO" and an arbitrary phase difference is 

"0LO" , an output signal "SLO(t)" of the local oscillator 104 which 
is entered into the downconverter 103 is expressed by the following 
formula ( 2 ) : 

SLO(t) = cos[(juLOt+0LO ] (2) 

In the downconverter 103, the reception signal SRF(t) is 
multiplied by the local oscillation signal SLO(t), so that an 
output SMIX(t) of the downconverter 103 is given by the following 
formula ( 3 ) : 

SMIX ( t ) = SLO ( t ) * SRF ( t ) 

= I(t){cos[ (a>LO+a)RF)t+0LO ] 

+cos[ (cuLO-a)RF)t+0LO] } 
+Q(t ) {sin[ (a>LO+a)RF)t+0LO] 

+sin[ (aiLO-a)RF)t+0LO ] } ---(3) 

Also, since the term of M a)L0 + (dRF m of the output of the 
downconverter 103 corresponding to the high frequency component 
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is negligible in either the low-pass filter or the high-pass filter, 
when oiLO > ojRF, the reception intermediate frequency signal SIF(t) 
(151) may be expressed by employing this angular frequency coIF 
(= coLO - o>RF) : 
5 SIF(t) = I(t)cos[a)IFt + 0LO] 

- Q(t )sin[coIFt + 0LO] ---(4) 
In the quadrature demodulator 1208, the reception 
baseband signals 157 and 158 are obtained by multiplying this 
~;. reception intermediate frequency signal SIF(t) by the reception 

-j 10 local oscillation signals 155 and 156 whose phase difference is 
*\ 90 degrees- Assuming now that the reception baseband signals 157 

7 s ! and 158 correspond to "a(t) u and "b(t)", respectively, these 

baseband signals are expressed as follows: 
?J a(t) = SIF(t)cos[a)IFt + 0IF] 

■ is?. 

□ 15 = I(t)<cos[2coIFt + 0LO + 0IF] 

+ cos[0LO - 0IF]} 
-Q(t ) {sin[2caIFt + 0LO + 0IF] 

+ sin[0LO - 0IF]} (5) 

In this case, since the baseband component is derived by 
20 neglecting the high frequency component, the reception baseband 
signal "a(t)" (157) is eventually given as: 

a(t) = I(t)cos[0BB] + Q(t)sin[0BB] (6) 

In this formula, it is assumed that 0BB = 0IF - 0LO. 
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Similarly, since the other reception baseband signal 
M b(t)" is equal to SIF(t) sin [coIFt + 0IF], this baseband signal 
"b(t) n is expressed as follows: 

b(t) = I(t)sin[0BB] + Q(t)cos[0BB] ---(7) 
5 While utilizing the quadrature characteristic of the signals, the 
respective components I(t) and Q(t) can be derived. 

In this case, it is set that ouiLO > coRF. However, such 
a frequency relationship cannot always be established in such a 
circuit arrangement capable of handling-a plurality of frequency 
10 bands called"as either "dual band" or "multiband" . In other words , 
in a certain frequency band, the frequency relationship aiLO > coRF 
may be established and thus, the above-explained formulae can be 
calculated. However, considering now that another frequency 
relationship cuLO < coRF is established in another frequency band, 
15 since a>IF = a>RF - aiLO, the following formulae are given as follows: 
SIF2(t) = I(t)cos[cuIFt - 0LO] 

+ Q(t )sin[a>IFt -^0^) ...(10) 

a2(t) = I ( t ) cos [ 0BB2 ] - Q(t )sin[0BB2] (11) 

b2(t) = I(t)sin[0BB2] - Q( t )cos [0BB2 ] (12) 

2 0 As a result, reception baseband signals whose phase relations are 
different from each other are obtained. 

In such a case, in the data output circuit 1221, the 
polarities of the reception baseband signals 157 and 158 are 
switched by employing the band switching signal 153 . As a result, 



similar reception data 159 may be obtained. 

On the other hand f in the transmitter unit, the waveform 
producing circuit 1222 into which transmission data 659 is 
inputted produces both a transmission baseband signal 657 and 
another transmission baseband 658, which may have a phase 
relationship in accordance with the entered transmission data 659 . 

Then, the waveform producing circuit 1222 enters the transmission 
baseband signals 657 and 658 to the quadrature modulator 1218. 

The quadrature demodulator 1218 is arranged by two sets 
of quadrature mixers 609 and 610, a transmission local oscillator 
611, and a phase shifter 1219, and also an adder 606. The 
quadrature mixers 609 and 610 convert the transmission baseband 
signals 657 and 658 into the intermediate frequency signals. The 
transmission local oscillator 611 precisely outputs a signal 
having a carrier frequency equal to a central frequency of the 
intermediate frequency signal. The phase shifter 1219 produces 
two signals 655 and 656 whose phase difference is 90 degrees from 
the transmission local signal, and then enters both the signals 
655 and 656 into the quadrature mixers 609 and 610. The adder 
606 adds two sets of intermediate frequency signals outputted from 
two sets of the quadrature mixers 609 and 610 to each other, and 
then outputs a transmission intermediate frequency signal. 

The quadrature 1218 enters thereinto both the 
transmission baseband signals 657 and 658 which own a phase 
difference in accordance with the transmission data 659, and then 



outputs a transmission intermediate frequency signal 651. The 
upconverter 603 outputs signals having frequencies obtained by 
adding and subtracting the frequency of the entered transmission 
intermediate frequency signal 651 and the frequency of the entered 
local oscillation signal 152. However, in this case, while 
employing either a high-pass filter or a band-pass filter, this 
up-converter 603 selects such a signal having a summation 
frequency higher than the original frequency as a transmission 
RF signal. The transmission RF signal derived from the 
upconverter 603 is amplified by the (high power) power amplifier 
602, and then the amplified power transmission RF signal is 
outputted from the antenna 101 as the transmission signal. 

Next, a description will now be made of operations of the 
transmitter unit including the quadrature modulator 1218 equipped 
with the above-explained function. 

Generally speaking, in the waveform generating circuit 
1222, assuming now that the transmission baseband signals 657 and 
65 8 which own an orthogonal phase relationship between them and 
are produced from the transmission data 659 are expressed as an 
"I(t)" and a "Q(t)", respectively, and also an angular frequency 
of a local oscillation signal outputted from the transmission 
local oscillator 611 is equal to "coIF" , the transmission 
intermediate frequency signal 651 may be expressed as- follows: 

SlF(t) = I ( t ) cos [ (oIFt ] + Q(t )sin[a)IFt ] (18) 

It should be noted that a coefficient of an amplitude equally 
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applied to the respective items is negligible. 

In the upconverter 603, assuming now that the output 
signal of the upconverter 6 03 which is obtained by being multiplied 
by the output signal SLO(t) of the local oscillator 104 is equal 
5 to SMIX(t), this transmission intermediate frequency signal 651 
is given as follows: 

SMIX(t) = SLO(t) -SIF(t) 
= cosfoiLOt - 0LO] 

x {I(t)cos[coIFt]+Q(t )sin[o>IFt ] } 
10 = Pft) {cos[ (aiLO - a>IF)t+0LO] 

+ cos[(coL0 - a>IF)t+0LO ] } 
+ Q(t) {sin[ (ojLO - a>IF)t+0LO] 

- sin[(caL0 - a>IF)t+0LO] } (19) 

Only such a desirable frequency component of the signal 
15 outputted from the upconverter 603 is selected. In the case that 
the local frequency is higher than the transmission frequency, 
assuming now that an angular frequency of a transmission signal 
SUL(t) is equal to coRF (= o)L0 - o>IF), this transmission signal 
SUL(t) is given as follows: 
20 SUL(t).= I ( t ) cos [ oRFt + 0LO] 

-Q(t )sin[o>RFt + 0LO] (20) 

However, in such a case that the local frequency is h ighe r 

si 

than the transmission frequency, the angular frequency of the 
transmission signal becomes coRF = aiLO + cuIF, and thus this 



transmission signal SLL(t) is given as follows: 
SLL(t) = I (t)cos[a)RFt + 0LO] 

+Q(t )sin[o)RFt + 0LO] .••(21) 
As a result, this transmission signal SLL ( t ) may become a different 
transmission signal, depending upon the frequency relationship 
between the transmission signal and the local signal. 

Accordingly, in such a case, in the waveform generating 
circuit 1222, the polarities of the reception baseband signals 
657 and 658 are switched by employing the band switching signal 
153, and furthermore, for instance, M Q(t)" is replaced by M -Q(t) ,f 
in the above-explained formula, so that a similar transmission 
signal can be obtained • 

However, in the circuit arrangement of the above- 
explained conventional multiband data communication apparatus 
for switching the polarity of the baseband signal, a large circuit 
scale requirement is further made as to both the data output 
circuit 1221 and the waveform generating circuit 1222 which 
originally own the large circuit blocks- Moreover, there is 
another problem that since such a circuit is additionally provided, 
the signal quality of such a low-noise baseband signal would be 
deteriorated. 

SUMMARY OF THE INVENTION 
The present invention has been made to solve the 
above-described problems, and therefore, has an object to. provide 
a multiband data communication apparatus, and a communication 



method of a multiband data communication apparatus, cagable of 
suppressing a circuit scale of an additionally provided circuit 
to a minimum circuit scale, which is suitably constituted in an 
integrated circuit form, while switching a plurality of frequency 
bands in response to a band switching signal and furthermore, while 
a deterioration in a baseband signal is avoided. Another object 
of the present invention is to provide a storage medium for storing 
thereinto a computer readable program used to execute the 
communication method of the multiband data communication 
apparatus . 

To solve the above-described problems, a multiband data 
communication apparatus, according to first aspect of the present 
invention, receives signals by switching a plurality of frequency 
bands in response to a band switching signal, and includes 
quadrature demodulating means for converting either a reception 
signal or a reception intermediate frequency signal into a 
quadrature reception baseband signal, the quadrature 
demodulating means comprising: a pair of first quadrature mixers 
for converting either the reception signal or the reception 
intermediate frequency signal into a reception baseband signal; 
local oscillating means for producing a local oscillation signal; 
and phase shifting means for shifting a phase of* the local 
oscillation signal based upon the band switching signal to thereby 
supply the phase-shifted local oscillation signal to the first 
quadrature mixers . 



A multiband data communication apparatus, according to 
second aspect of the invention, transmits signals by switching 
a plurality of frequency band in response to a band switching 
signal, and includes quadrature modulating means for converting 
a quadrature transmission baseband signal into either a 
transmission signal or a transmission intermediate frequency 
signal, the quadrature modulating means is comprising: a pair of 
second quadrature mixers for converting a transmission baseband 
signal into either the transmission signal or the transmission 
intermediate frequency signal; local oscillating means for 
producing a local oscillation signal; and phase shifting means 
for shifting a phase of the local oscillation signal based upon 
the band switching signal to thereby supply the phase-shifted 
local oscillation signal to the second quadrature mixers. 

A multiband data communication apparatus , according to 
third aspect of the present invention, includes quadrature 
modulating means for converting a quadrature transmission 
baseband signal into either a transmission signal or a 
transmission intermediate frequency signal; quadrature 
demodulating means for converting either a reception signal or 
a reception intermediate frequency signal into a quadrature 
reception baseband signal; and local oscillation signal producing 
means for supplying a local oscillation signal to both the 
quadrature modulating means and the quadrature demodulating means , 
for transmitting/receiving by switching a plurality of frequency 
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bands in response to a band switching signal, in that the 
quadrature demodulating means includes a pair of first quadrature 
mixers for converting either the reception signal or the reception 
intermediate frequency signal into a reception baseband signal; 
5 the quadrature modulating means includes a pair of second 

quadrature mixers for converting a transmission baseband signal 
into either the transmission signal or the transmission 
intermediate frequency signal; and the local oscillation signal 
producing means includes local oscillating means for producing 
% 10 a local oscillation signal and phase shifting means for shifting 
*I a phase of the local oscillation signal based upon the band 

\\ switching signal to thereby supply the phase-shifted local 

7i oscillation signal to the first quadrature mixer and the second 

quadrature mixer • 
7[ 15 Preferably, in the multiband data communication 

EJ apparatus according to the above-mentioned first, second, or 

" third aspects of the invention, the phase shifting means supplies 

a signal obtained by shifting the phase of the local oscillation 

signal by Jt/2 to one of the first quadrature mixers and the second 
2 0 quadrature mixers, while the phase shifting means supplies one 
of the local oscillation signal and a signal obtained by inverting 
a code of the local oscillation signal to the other of the first 
quadrature mixers and the second quadrature mixers in. response 
to the band switching signal, 
2 5 Preferably, in the multiband data communication 
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apparatus according to the above-mentioned first, second and 
third aspects of the invention, the phase shifting means supplies 
the local oscillation signal to one mixer of the first quadrature 
mixers and the second quadrature mixers, while the phase shifting 
means supplies one of a signal obtained by shifting the phase of 
the local oscillation signal by Jt/2 and a signal obtained by 
shifting the phase of the local oscillation signal by ji/2 and by 
inverting the phase-shifted local oscillation signal to the other 
mixer of the first quadrature mixers and the second quadrature 
mixers in response to the band switching signal. 

Preferably, in the multiband data communication 
apparatus according to the above-mentioned first, second and 
third aspects of the invention, the phase shifting means supplies 
the local oscillation signal to one of the first quadrature mixers 
and the second quadrature mixers, while the phase shifting means 
supplies one of a signal obtained by delaying the phase of the 
local oscillation signal by n/2 and a signal obtained by advancing 
the phase of the local oscillation signal by it/2 to the other mixer 
of the first quadrature mixers and the second quadrature mixers 
in response to the band switching signal. 

Further, a multiband data communication apparatus 
according to fourth aspect of the invention, receives signals by 
switching a plurality of frequency bands in response to a band 
switching signal and includes quadrature demodulating means for 
converting either a reception signal or a reception intermediate 
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frequency signal into a quadrature reception baseband signal, the 
quadrature demodulating means comprising: a pair of first 
quadrature mixers for converting either the reception signal or 
the reception intermediate frequency signal into a reception 
5 baseband signal; storage means for saving thereinto discrete data 
of a frequency pattern component functioning as a base; address 
generating means for generating an address every preselected 
clock; phase shift means for adding a predetermined number based 
upon the band switching signal to the address; first analog 

10 converting means for analog-converting data which is read out by 
addressing the storage means based on the address outputted from 
the address generating means to thereby supply the analog- 
converted data to one of the first quadrature mixers; and second 
analog converting means for analog-converting data which is read 

15 out by addressing the storage means based on the output of the 
phase shift means to thereby supply the analog-converted data to 
the other of the first quadrature mixers. 

Further , a multiband data communication according to 
fifth aspect of the invention, transmits signals by switching a 

2 0 plurality of frequency band in response to a band switching signal, 
and includes quadrature modulating means for converting a 
quadrature transmission baseband signal into either a 
transmission signal or a transmission intermediate frequency 
signal, the quadrature modulating means comprising: a pair of 

2 5 second quadrature mixers for converting a transmission baseband 
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signal into either the transmission signal or the transmission 
intermediate frequency signal; storage means for saving thereinto 
discrete data of a frequency pattern component functioning as a 
base; address generating means for generating an address every 
5 preselected clock; phase shift means for adding a predetermined 
number based upon the band switching signal to the address; first 
analog converting means for analog-converting data which is read 
out by addressing the storage means based on the address outputted 
from the address generating means to thereby supply the 

10 analog-converted data to one of the second quadrature mixers; and 
second analog converting means for analog-converting data which 
is read out by addressing the storage means based on the output 
of the phase shift means to thereby supply the analog-converted 
data to the other of the second quadrature mixers. 

15 Further, a multiband data communication apparatus 

according to sixth aspect of the invention, comprises: quadrature 
modulating means for converting a quadrature transmission 
baseband signal into either a transmission signal or a 
transmission intermediate frequency signal; quadrature 

20 demodulating means for converting either a reception signal or 
a reception intermediate frequency signal into a quadrature 
reception baseband signal; and local signal producing means for 
supplying a local oscillation signal to both the quadrature 
modulating means and the quadrature demodulating means, for 

25 transmitting/receiving by switching a plurality of frequency 
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bands in response to a band switching signal, in that the 
quadrature demodulating means includes a pair of first quadrature 
mixers for converting either the reception signal or the reception 
intermediate frequency signal into a reception baseband signal; 
5 a pair of second quadrature mixers for converting a transmission 
baseband signal into either the transmission signal or the 
transmission intermediate frequency signal; and the local 
oscillation signal producing means includes: storage means for 
saving thereinto discrete data of a frequency pattern component 

10 functioning as a base; address generating means for generating 
an address every preselected clock; phase shift means for adding 
a predetermined number based upon the band switching signal to 
the address; first analog converting means for analog-converting 
data which is read out by addressing the storage means based on 

15 the address outputted from the address generating means to thereby 
supply the analog-converted data to one of the first and second 
quadrature mixers; and second analog converting means for 
analog-converting data which is read out by addressing the storage 
means based on the output of the phase shift means to thereby supply 

2 0 the analog-converted data to the other of the first and second 
quadrature mixers . 

Preferably, in a multiband communication apparatus 
according to the above-mentioned fourth, fifth and sixth aspects 
of the invention, either the quadrature modulating means or the 

25 local oscillation signal producing means includes: clock 



generating means for generating a clock signal; and interval 
determining means for determining a clock interval used to read 
out data from the storage means so as to control the address 
generating operation of the address generating means . 

According to seventh aspect of the invention, a 
communication method of a multiband data communication apparatus 
including quadrature demodulating means for converting either a 
reception signal or a reception intermediate frequency signal 
into a quadrature reception baseband signal, for receiving by 
switching a plurality of frequency bands in response to a band 
switching signal, in that the communication method comprises: a 
local oscillating step for producing a local oscillation signal; 
a phase shifting step for shifting a phase of the local oscillation 
signal in response to the band switching signal to thereby supply 
the phase-shifted local oscillation signal to a first quadrature 
mixer for converting either the reception signal or the reception 
intermediate frequency signal into a reception baseband signal. 

According to the eighth aspect of the invention, a 
communication method of a multiband data communication apparatus 
including quadrature modulating means for converting a quadrature 
transmission baseband signal into either a transmission signal 
or a transmission intermediate frequency signal, for transmitting 
by switching a plurality of frequency band in response to a band 
switching signal, in that the communication method is comprised 
of: a local oscillating step for producing a local oscillation 
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signal; and a phase shifting step for shifting a phase of the local 
oscillation signal in response to the band switching signal to 
thereby supply the phase-shifted local oscillation signal to a 
second quadrature mixer for converting a transmission baseband 
5 signal into either the transmission signal or the transmission 
intermediate frequency signal. 

According to the ninth aspect of the inveniton, a 
communication method of a multiband data communication apparatus 
including quadrature modulating means for converting a quadrature 
,3 10 transmission baseband signal into either a transmission signal 
Ixi or a transmission intermediate frequency signal; and quadrature 

m demodulating means for converting either a reception signal or 

hj a reception intermediate frequency signal into a quadrature 

q reception baseband signal; and for transmitting/receiving by 

jij 15 switching a plurality of frequency bands in response to a band 
rj switching signal, in that the communication method comprises: a 

local oscillating step for producing a local oscillation signal; 
and a phase shifting step for shifting a phase of the local 
oscillation signal in response to the band switching signal to 
20 thereby supply the phase-shifted local oscillation signal to one 
of a first quadrature mixer and a second quadrature mixer, the 
first quadrature mixer converting either the reception signal or 
the reception intermediate frequency signal into a reception 
baseband signal, and the second quadrature mixer converting a 
25 transmission baseband signal into either the transmission signal 



or the transmission intermediate frequency signal. 

Preferably, in the communication method according to the 
above-mentioned seventh," eighth, and ninth aspects of the 
invention, the phase shifting step includes: a first supplying 
step for supplying a signal which is obtained by shifting the phase 
of the local oscillation signal by jt/2 to one of the first 
quadrature mixers and the second quadrature mixers; an inverting 
step for inverting a code of the local oscillation signal; and 
a second supplying step for supplying one of the local oscillation 
signal and Jthe output signal of the inverting step to the other 
of the first quadrature mixers and the second quadrature mixers 
in response to the band switching signal. 

Preferably, in the communication method according to the 
above-mentioned seventh, eighth, and ninth aspects of the phase 
shifting step includes : a first supplying step for supplying the 
local oscillation signal to one of the first quadrature mixers 
and the second quadrature mixers; a phase shifting step for 
shifting the phase of the local oscillation signal by Jt/2; an 
inverting step for inverting a code of the output signal of the 
phase shifting step; and a second supplying step for supplying 
one of the output signal of the phase shifting step and the output 
signal of the inverting step to the other of the first quadrature 
mixers and the second quadrature mixers in response to* the band 
switching signal. 

Preferably, in the communication method according to the 
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above-mentioned seventh, eighth, and ninth aspects of the 
invention, the phase shifting step includes: a first supplying 
step for supplying the local oscillation signal to one of the first 
quadrature mixer and the second quadrature mixer; a phase delaying 
5 step for delaying the phase of the local oscillation signal by 

jt/2; a phase advancing step for advancing the phase of the local 

oscillation signal by at/2; and a second supplying step for 
supplying one of the output signal of the phase delaying step and 
the output signal of the phase advancing step to the other of the 

10 first quadrature mixer and the second quadrature mixer in response 
to the band switching signal. 

According tenth aspect of the invention, a communication 
method of a multiband data communication apparatus including 
quadrature demodulating means for converting either a reception 

15 signal or a reception intermediate frequency signal into a 

quadrature reception baseband signal, for receiving by switching 
a plurality of frequency bands in response to a band switching 
signal, in that the communication method is comprised of: a storing 
step for saving thereinto discrete data of a frequency pattern 

2 0 component functioning as a base; an address generating step for 
generating an address every preselected clock; a phase shifting 
step for adding a predetermined number based upon the band 
switching signal to the address; a first analog converting step 
for analog-converting data which is read out by addressing the 

25 storing step based on the address outputted from the address 
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generating step to thereby supply the analog-converted data to 
one of first quadrature mixers for converting either the reception 
signal or the reception intermediate frequency signal into a 
reception baseband signal; and a second analog converting step 
for analog-converting data which is read out by addressing the 
storing step based on the output of the phase shifting step to 
thereby supply the analog-converted data to the other of the first 
quadrature mixers • 

According to eleventh aspect of the invention, a 
communication method of a multiband data communication apparatus 
including quadrature modulating means for converting a quadrature 
transmission baseband signal into either a transmission signal 
or a transmission intermediate frequency signal, for transmitting 
by switching a plurality of frequency band in response to a band 
switching signal, in that the communication method is comprised: 
a storing step for saving thereinto discrete data of a frequency 
pattern component functioning as a base; an address generating 
step for generating an address every preselected clock; a phase 
shifting step for adding a predetermined number based upon the 
band switching signal to the address; a first analog converting 
step for analog-converting data which is read out by addressing 
the storing step based on the address outputted from the address 
generating step to thereby supply the analog-converted data to 
one of second quadrature mixers for converting a transmission 
baseband signal into either the transmission signal or the 



transmission intermediate frequency signal; and a second analog 
converting step for analog-converting data which is read out by 
addressing the storing step based on the output of the phase 
shifting step to thereby supply the analog-converted data to the 
other of the second quadrature mixers . 

According to twelfth aspect of the invention, a 
communication method of a multiband data communication apparatus 
including quadrature modulating means for converting a quadrature 
transmission baseband signal into eithex a transmission signal 
or a transmission intermediate frequency signal; and quadrature 
demodulating means for converting either a reception signal or 
a reception intermediate frequency signal into a quadrature 
reception baseband signal; and for transmitting/receiving by 
switching a plurality of frequency bands in response to a band 
switching signal, in that the communication method is comprised 
of: a storing step for saving thereinto discrete data of a 
frequency pattern component functioning as a base; an address 
generating step for generating an address every preselected 
clock; a phase shifting step for adding a predetermined number 
based upon the band switching signal to the address ; a first analog 
converting step for analog-converting data which is read out by 
addressing the storing step based on the address outputted from 
the address generating step to thereby supply the analog- 
converted data to one of a first quadrature mixers and a second 
quadrature mixers , the first quadrature mixer converting either 



the reception signal or the reception intermediate frequency 
signal into a reception baseband signal, and a second quadrature 
mixer converting a transmission baseband signal into either the 
transmission signal or the transmission intermediate frequency 
signal; and a second analog converting step for analog-converting 
data which is read out by addressing the storing step based on 
the output of the phase shifting step to thereby supply the 
analog-converted data to the other of the first quadrature mixers 
and the second quadrature mixers. 

Furthermore, a storage medium, according to the invention, 
is a storage medium for storing thereinto a computer readable 
program used to execute the communication method of the multiband 
data communication apparatus as mentioned above. 

In the multiband data communication apparatus according 
to first aspect of the invention, the communication method of the 
multiband data communication apparatus according to seventh 
aspect of the invention, when a plurality of frequency bands are 
switched by the band switching signal to receive the communication 
data, the local oscillation signal is produced by the local 
oscillating means (local oscillating step) , and the phase of the 
local oscillation signal is changed in response to the band 
switching signal by the phase shifting means (phase shifting step) . 
Then, the phase-shifted local oscillation signal is supplied to 
the first quadrature mixer for converting either the reception 
signal or the reception intermediate frequency signal into the 
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reception baseband signal. 

As a result, the correct reception baseband signal is 
obtained not depending upon the frequency band, but a desirable 
reception baseband signal can be obtained irrespective of the 
5 frequency relationship between the reception signal and the local 
oscillation signal, and then the correct demodulating process 
operation can be carried out in accordance with the band switching 
control by the band switching signal. To this end, only the phase 
shifting means (phase shifting step) is additionally provided as 
Iq 10 the structural element (processing step). The increase in the 
=!j additionally provided circuit scale (processing step) can be 

jj suppressed to the minimum circuit scale, as compared with the 

hj conventional arrangement in which the polarity of the reception 

13 baseband signal itself is switched by the data output circuit, 

m 15 Therefore, such an arrangement may be suitably formed in an 

§3 integrated circuit. Furthermore, since the correct demodulating 

in 

process operation can be carried out in accordance with the band 
switching control by receiving the band switching signal, the 
deterioration of the reception baseband signal can be avoided. 

2 0 To the contrary, conventionally, the reception baseband signal 
is directly processed to invert the code polarities of the 
quadrature components . 

In the multiband data communication apparatus according 
to second aspect of the invention, and the communication method 

2 5 of the multiband data communication apparatus according to eight 



aspect of the inention, when a plurality of frequency bands are 
switched by the band switching signal to transmit the 
communication data, the local oscillation signal is produced by 
the local oscillating means (local oscillating step), and the 
phase of the local oscillation signal is changed in response to 
the band switching signal by the phase shifting means (phase 
shifting step). Then, the phase-shifted local oscillation 
signal is supplied to the second quadrature mixer for converting 
the transmission baseband signal into either the transmission 
signal or the transmission intermediate frequency signal. 

As a result, the correct transmission signal is obtained 
not depending upon the frequency band, but a desirable 
transmission signal, or a desirable transmission intermediate 
frequency signal can be obtained irrespective of the frequency 
relationship between the transmission signal and the local 
oscillation signal, and then the correct modulating process 
operation can be carried out in accordance with the band switching 
control by the band switching signal. To this end, only the phase 
shifting means (phase shifting step) is additionally provided as 
the structural element (processing step). The increase in the 
additionally provided circuit scale (processing step) can be 
suppressed to the minimum circuit scale, as compared with the 
conventional arrangement in which the polarity of the 
transmission baseband signal itself is switched by the waveform 
generating circuit. Therefore, such an arrangement may be 



suitably formed in an integrated circuit. Furthermore, since the 
correct ^modulating process operation can be carried out in 
accordance with the band switching control by receiving the band 
switching signal, the deterioration of the transmission baseband 
signal can be avoided- To the contrary, conventionally, the 
transmission baseband signal is directly processed to invert the 
code polarities of the quadrature components . 

In the multiband data communication apparatus according 
to third aspect of the invention, the communication method of the 
multiband data communication apparatus according to ninth aspect 
of the invention, when a plurality of frequency bands are switched 
by the band switching signal to transmit /receive the 
communication data, the local oscillation signal is produced by 
the local oscillating means (local oscillating step), and the 
phase of the local oscillation signal is changed in response to 
the band switching signal by the phase shifting means (phase 
shifting step). Then, the phase-shifted local oscillation 
signal is supplied to the first quadrature mixer for converting 
either the reception signal or the reception intermediate 
frequency signal into the reception baseband signal. Otherwise, 
this phase-shifted local oscillation signal is supplied to the 
second quadrature mixer for converting the transmission baseband 
signal to either the transmission signal or the transmission 
intermediate frequency signal. 

As a result, the correct reception baseband signal and 



-the correct transmission signal can be obtained not depending upon 
the frequency band, but the correct modulating/demodulating 
process operations can be carried out in accordance with the band 
switching control by the band switching signal. To this end, only 
the phase shifting means (phase shifting step) is additionally 
provided as the structural element (processing step) in the 
transmission system and the reception system. The increase in 
the additionally provided circuit scale (processing step) can be 
suppressed to the minimum circuit scale, as compared with the 
conventional arrangement in which the polarity of the reception 
baseband signal itself is switched by the data output circuit, 
and also the polarity of the transmission baseband is switched 
by the waveform generating circuit. Therefore, such an 
arrangement may be suitably formed in an integrated circuit. 

Furthermore, since the correct demodulating process operation 
can be carried out in accordance with the band switching control 
by receiving the band switching signal, the deteriorations of the 
reception baseband signal and the transmission baseband signal 
can be avoided. To the contrary, conventionally, the reception 
baseband signal and also the transmission baseband signal are 
directly processed to invert the code polarities of the quadrature 
components . 

More specifically, in the phase shifting means (phase 
shifting step), for example, the phase shifting means (first 
supplying step) supplies such a signal obtained by shifting the 
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phase of the local oscillation signal by ji/2 to one mixer of the 
first quadrature mixers and the second quadrature mixers ; the code 
of the local oscillation signal is inverted by the inverting means 
(inverting step) ; and the switching means (second supplying step) 
5 supplies any one of the local oscillation signal and the output 
signal of the inverting means (inverting step) in response to the 
band switching signal to the other of the first quadrature mixers 
and the second quadrature mixers. It should be noted that both 
the inverting means (inverting step) and the switching means 

10 (second supplying step) may be realized by an exclusive OR gating 
means (exclusive OR gating step) for exclusively OR-gating the 
local oscillation signal and the binary signal produced based upon 
the band switching signal to thereby supply the exclusively 
OR-gated signal to the other of the first quadrature mixers and 

15 the second quadrature mixers. 

As explained above, as the structural element (processing 
step ) used to perform the correct modulating/demodulating process 
operations in accordance with the band switching control by the 
band switching signal, only either the inverting means (inverting 

2 0 step) and the switching means (second supplying step) or the 
exclusive OR gating means (exclusive OR gating step) is employed. 
Therefore, the increase in the additionally provided circuit 
scale (processing step) can be suppressed to the minimum circuit 
scale, and thus, such an arrangement may be suitably formed in 

2 5 an integrated circuit. 
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More specifically, in the phase shifting means (phase 
shifting step), for example, the phase shifting means (first 
supplying step) supplies the local oscillation signal to one mixer 
of the first quadrature mixers and the second quadrature mixers; 
5 the phase shift means (phase shift step) shifts the phase of the 
local oscillation signal by Jt/2; the code of the output signal 
of the phase shift means (phase shift step) is inverted by the 
inverting means (inverting step) ; and the switching means (second 
supplying step) supplies any one of the output signal of the phase 
=0 10 shift means (phase shift step) and the output signal of the 

! It's 

\M inverting means ( inverting step) in response to the band switching 

w signal to the other of the first quadrature mixers and the second 

quadrature mixers. It should be noted that both the inverting 
O means (inverting step) and the switching means (second supplying 

ly 15 step), may be realized by an exclusive OR gating means (exclusive 
O OR gating step) for exclusively OR-gating the local oscillation 

signal and the binary signal produced based upon the band switching 
signal to thereby supply the exclusively OR-gated signal to either 
the other of the first quadrature mixers and the second quadrature 
2 0 mixers . 

As explained above, as the structural element (processing 
step) used to perform the correct modulating/demodulating process 
operations in accordance with the band switching control by the 
band switching signal, only either the inverting means (inverting 
2 5 step) and the switching means (second supplying step) or the 
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exclusive OR gating means (exclusive OR gating step) is employed. 
Therefore, the increase in the additionally provided circuit 
scale (processing step) can be suppressed to the minimum circuit 
scale, and thus, such an arrangement may be suitably formed in 
5 an integrated circuit. 

More specifically, in the phase shifting means (phase 
shifting step), for example, the phase shifting means (first 
supplying step) supplies the local oscillation signal to one of 
the first quadrature mixers and the second quadrature mixers; the 
5 10 phase delaying means (phase delaying step) delays the phase of 
ij the local oscillation signal by jt/2; the phase advancing means 

jJ (phase advancing step) advances the phase of the local oscillation 

£j signal; and the switching means (second supplying step) supplies 

□ any one of the output signal of the phase delaying means (phase 
V 15 delaying step) and the output signal of the phase advancing means 

□ (phase advancing step) in response to the band switching signal 
to the other of the first quadrature mixers and the second 
quadrature mixer. 

As explained above, as the structural element (processing 
2 0 step ) used to perform the correct modulating/demodulating process 
operations in accordance with the band switching control by the 
band switching signal, only the phase advancing means (phase 
advancing step) and the switching means (second supplying step) 
are employed. Therefore, the increase in the additionally 
2 5 provided circuit scale (processing step) can be suppressed to the 



minimum circuit scale, and thus, such an arrangement may be 
suitably formed in an integrated circuit. 

Moreover, in the multiband data communication apparatus 
according fourth, fifth and sixth aspects of the invention, and 
the communication method of the multiband data communication 
apparatus according to tenth, eleventh and twelfth aspects of the 
invention, when the communication data is transmitted/received 
by switching a plurality of frequency bands in response to the 
band switching signal, the discrete data of the frequency pattern 
component functioning as a base is saved in the storage means (by 
storing step); the address generating means (address generating 
step) generates the address every preselected clock; the phase 
shift means (phase shift step) adds the predetermined number based 
upon the band switching signal to the address; the first analog 
converting means (first analog converting step) analog-converts 
the data which is read out by addressing the data saved in the 
storage means (storing step) based on the address outputted from 
the address generating means (address generating step) to thereby 
supply the analog-converted data to one of the first quadrature 
mixers and the second quadrature mixers . The first quadrature 
mixer converts either the reception signal or the reception 
intermediate frequency signal into the reception baseband signal. 
The second quadrature mixer converts the transmission baseband 
signal into either the transmission signal or the transmission 
intermediate frequency signal. Also, the second analog 
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converting means (second analog converting step) analog-converts 
the data which is read out by addressing data saved in the storage 
means (storage step) in response to the output of the phase shift 
means (phase shift step) , and thereafter supplies the analog- 
5 converted data to the other of the first quadrature mixers and 
the second quadrature mixers . 

As previously explained, the structural element 
(processing step) additionally provided so as to execute the 
correct modulating/demodulating process operations in accordance 

10 with the band switching control by the band switching signal may 
be realized by, for example, a DDS (Direct Digital Synthesizer) 
and a DSP (Digital Signal Processor) and the like, which are 
additionally provided in the transmission system and the 
reception system- As a consequence, the increase in the 

15 additionally provided circuit scale (processing step) can be 
suppressed to the minimum circuit scale, as compared with the 
conventional arrangement in which the polarity of the 
transmission baseband signal is switched by the waveform 
generating circuit, and the polarity of the reception baseband 

2 0 signal is changed by the data output circuit. Therefore, such 
an arrangement may be suitably formed in an integrated circuit. 
Furthermore, since the correct demodulating process operation 
can be carried out in accordance with the band switching control 
by receiving the band switching signal, the deteriorations of the 

2 5 reception baseband signal and the transmission baseband signal 
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can be avoided. To the contrary, conventionally, the 
transmission baseband signal and the reception baseband signal 
are directly processed to invert the code polarities of the 
quadrature components . 
5 In the multiband data communication apparatus, in 

particular, the clock signal is generated by the clock generating 
means; and the clock interval at which the data is read out from 
the storage means is determined by the interval determining means 
so as to control the address generation by the address generating 
10 means. As a result, it is possible to arbitrarily control the 
HI frequency of the local oscillation signal generated from the local 

j!j oscillation signal generating means, in the quadrature 

demodulating means, or the quadrature modulating means. 

q BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS 

IX; 

jYj 15 Fig. 1 is a structural diagram of a multiband data 

j£ communication apparatus according to a first embodiment mode of 

^ the present invention; 

Fig. 2 is a structural diagram of a multiband data 
communication apparatus according to a second embodiment mode of 
20 the present invention; 

Fig. 3 is a structural diagram of a multiband data 
communication apparatus according to a third embodiment mode of 
the present invention; 

Fig. 4 is a structural diagram of a multiband data 
25 communication apparatus according to a fourth embodiment mode of 
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the present invention; 

Fig. 5 is a structural diagram of a multiband data 
communication apparatus according to a fifth embodiment mode of 
the present invention; 
5 Fig, 6 is a structural diagram of a multiband data 

communication apparatus according to a sixth embodiment mode of 
the present invention; 

Fig, 7 is a structural diagram of a multiband data 
communication apparatus according to a seventh embodiment mode 
10 of the present invention; 

Fig. 8 is a structural diagram of a multiband data 
communication apparatus according to an eighth embodiment mode 
of the present invention; 

Fig. 9 is a structural diagram of a multiband data 
15 communication apparatus according to a ninth embodiment mode of 
the present invention; 

Fig. 10 is a structural diagram of a multiband data 
communication apparatus according to a tenth embodiment mode of 
the present invention; 
2 0 Fig. 11 is a structural diagram of a multiband data 

communication apparatus according to an eleventh embodiment mode 
of the present invention; and 

Fig. 12 is a structural diagram of the conventional 
multiband data communication apparatus. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to drawings, a description will be made of 
various embodiment modes related to a multiband data 
communication apparatus, a communication method of a multiband 
5 data communication apparatus, and also a storage medium of the 
present invention, while sequentially explaining first to eleveth 
emobidments in detail in combination with modifications . It 
should be understood that in the descriptions of the respective 
embodiment modes, the multiband data communication apparatus and 

10 the communication method of the multiband data communication 
apparatus, according to the present invention, will be described 
in detail. However, since the storage medium according to the 
present invention is equal to such a storage medium for storing 
thereinto a program used to execute the above-described 

15 communication method of the multiband data communication 

apparatus, a description thereof is involved in the below- 
mentioned explanations as to the communication method of the 
multiband data communication apparatus, 

(First Embodiment) 

2 0 Fig. 1 is a structural diagram for indicating either a 

multiband data communication apparatus or a multiband data 
communication apparatus to which a communication method is 
applied, according to a first embodiment mode of the present 
invention. This first embodiment mode is such a multiband data 

25 communication apparatus for receiving by switching a plurality 
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of frequency bands in response to a band switching signal, namely 
is directed to a data communication apparatus such as a mobile 
communication apparatus which is typically known as a digital 
portable telephone and a paging receiver. 
5 In Fig. 1, the multiband data communication apparatus, 

according to this first embodiment mode, is arranged by employing 
an antenna 101, an radio frequency amplifier 102, a downconverter 
103, a local oscillator 104, an intermediate frequency amplifier 
105, a quadrature demodulator 108, and also a data output circuit 

10 121. The antenna 101 is used to effectively receive a reception 
signal. The radio frequency (high frequency) amplifier 102 
amplifies the received radio frequency signal under low noise 
condition. The downconverter 103 converts the radio frequency 
signal into an intermediate frequency signal 151. The local 

15 oscillator 104 oscillates a local oscillation signal 152 which 
is entered into the downconverter 103. The intermediate 
frequency amplifier 105 amplifies the intermediate frequency 
signal converted by the downconverter 103. The quadrature 
demodulator 108 converts the amplified intermediate frequency 

2 0 signal into both a reception baseband signal 157 and another 
reception baseband signal 158. The data output circuit converts 
the reception baseband signals 157 and 158 into reception data 
159. 

Also, in Fig. 1, the quadrature demodulator 108 is 
2 5 arranged by employing quadrature mixers ( first quadrature mixers ) 



109 and 110; a reception local oscillator (local oscillating 
means) 111; a phase shifter 112; an inverter circuit 113; and also 
a switch circuit 114, The quadrature mixers 109 and 110 convert 
the entered reception intermediate frequency signal into both the 
reception baseband signals 157 and 158. The reception local 
oscillator 111 oscillates a reception local oscillation signal 
(local oscillation signal) which is entered into the quadrature 
mixers 109 and 110. The phase shifter 112 shifts the phase of 
the reception local oscillation signal. The inverter circuit 113 
inverts the code of the reception local oscillation signal. The 
switch circuit 114 selects that which reception local oscillation 
signal should be entered into the quadrature mixer 110 among a 
polarity of reception local oscillation signals having different 
phases from each other. 

In this case, the phase shifter 112, the inverter circuit 
113, and the switch circuit 114 correspond to a phase shifting 
means. The inverter circuit may be realized by an inverting 
amplifier and the like. The switch circuit 114 may be realized 
by an analog switch made of a switching element. Also, a DEC 107 
additionally provided with the quadrature demodulator 108 
corresponds to a decode for decoding the band switching circuit 
153 to thereby produce a switching signal 154 of the switch circuit 
114 . 

Generally speaking, in the multiband data communication 
apparatus equipped with the above-described arrangement, 



- 39 - 

assuming now -that orthogonal baseband signal components are I(t) 
and Q(t), and an angular frequency of a carrier wave is "ouRF" , 
a reception signal SRF(t) received from the antenna 101 may be 
expressed by the following formula (1): 

SRF(t) = I ( t ) cos [ coRFt ] +Q ( t ) s in [ o)RFt ] (1) 

It should be noted that a coefficient of an amplitude which is 
equally applied to the respective terms of the below-mentioned 
formulae is negligible. 

Also, assuming now that an angular frequency of the local 
oscillation-signal 152 is "aiLO" and an arbitrary phase difference 
is "0LO", an output signal "SL0(t) H of the local oscillator 104 
which is entered into the downconverter 103 is expressed by the 
following formula ( 2 ) : 

SLO(t) = cos[a)LOt+0LO] (2) 

In the downconverter 103 , the reception signal SRF(t) is 
multiplied by the local oscillation signal SLO(t), so that an 
output SMIX(t) of the downconverter 103 is given by the following 
formula ( 3 ) : 

SMIX ( t ) = SL0 ( t ) * SRF ( t ) 

= cos[a>LOt+0LO] 

• { I ( t ) cos [ coRFt ] +Q ( t ) sin [ cuRFt ] } 
= I (t ) {cos [ (ajLO+(oRF)t+0LO] 

+cos[ (a>LO-a>RF)t+0LO] } 
+Q(t ) {sin[ (a>LO+cuRF)t+0LO ] 



-sin[ (toLO-a>RF)t+0LO] } (3) 

Also, since the term of "aiLO + oRF" of the output of the 
downconverter 103 corresponding to the high frequency component 
is negligible in either the low-pass filter or the high-pass filter, 
when ouLO > o>RF, the reception intermediate frequency signal 151 
may be expressed by employing this angular frequency a>IF (= o>L0 
- coRF ) : 

SIF(t) = I ( t ) cos [ coIFt + 0LO] 

- Q(t )sin[o)IFt + 0LO] (4) 

In the quadrature demodulator 108, the reception baseband 
signals 157 and 158 are obtained by multiplying this reception 
intermediate frequency signal SIF(t) by the reception local 
oscillation signals 155 and 156 whose phase difference is 90 
degrees. Assuming now that the reception baseband signals 157 
and 158 correspond to "a(t)" and M b(t)" , respectively, the first 
baseband signal "a(t)" is expressed as follows: 
a(t) = SIF(t )cos[a)IFt + 0IF] 

= {I(t )cos[a)IFt + 0LO]-Q(t )sin[coIFt + 0LO] 

•cos[oIFt + 0IF] 
= I ( t ) {COS [ 2coIFt + 0LO + 0IF] 

+ cos[0LO - 0IF] } 
-Q(t ) {sin[2coIFt + 0LO + 0IF] 

+ sin[0LO - 0IF]} -.-(5) 
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In this case, since the baseband component is derived by 
neglecting the high frequency component, the reception baseband 
signal "a(t) M is eventually given as: 

a(t) = I(t)cos[0BB] + Q(t)sin[0BB] (6) 

In this formula, it is assumed that 0BB = 0IF - 0LO. 

Similarly, since the other reception baseband signal 
"b(t)" is equal to SIF(t) sin [oIFt + 0IF], this baseband signal 
"b(t)" is expressed as follows: 

b(t) = I(t)sin[0BB] + Q(t)cosf0BB] •••(7) 
While utilizing the quadrature characteristic of the signals, the 
respective components I(t) and Q(t) can be derived. 

For instance, if cos[0BB] = 1, then the baseband signals 
"a(t)" and "b(t)" are given as follows: 

a(t) = I(t) (8) 

b(t) = - Q(t) (9). 

This is directly related to the orthogonal baseband signal itself. 

In this case, it is set that coLO > cuRF. However, such 
a frequency relationship cannot always be established in such a 
circuit arrangement capable of handling a plurality of frequency 
bands called as either "dual band" or M multiband M . In other words, 
in a certain frequency band, the frequency relationship aiLO > oRF 
may be established and thus, the above-explained formulae can be 
calculated. However, considering now that another frequency 
relationship o>L0 < coRF is established in another frequency band, 
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since oIF = o>RF - aiLO , the following formulae are given as follows : 
SIF2(t) = I(t)cos[o>IFt - 0LO] 

+ Q(t )sin[o>IFt — OIF) ...(10) 
a2(t) = I(t)cos[0BB2] - Q(t )sin[0BB2] ...(11) 
5 b2(t) = I(t)sin[0BB2] - Q ( t ) cos [ 0BB2 ] - ...(12) 

As a result, if cos [0BB2] = 1, then the baseband signals "a2(t) M 
and n b2(t)" are given as follows: 

a2(t) = I(t) (13), 

b2(t) = Q(t) (14). 

10 Therefore, reception baseband signals whose phase relations are 
different from each other are obtained. 

In such a case, in the quadrature demodulator 108, the 
polarity of the switch circuit 114 is switched by employing the 
band switching signal 153. As a result, the below-mentioned 
15 formulae are given: 

b2(t) = SIF2(t){-sin[a>IFt+0LO]} 

= { I ( t ) cos [ ci)IFt-0LO ] +Q ( t ) sin [ coIFt-0LO ] 

* { -s in [ a>IFt+0«7 ] > 
= { -I ( t ) sin [ 2a>IFt-0LO+0IF ] +sin [ 0LO+0IF ] } 
20 +{Q(t )cos[2ci)IFt-0LO+0IF]+cos [0LO+0IF] } 

...(15) 

In this formula, if the high frequency component, namely 
the term of 2ouIF is neglected, then the baseband signal n b2(t)" 
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is given as follows : 

b2(t) = -I(t)sin[0BB2] - Q(t)cps[0BB2] (16) 

If cos[0BB2] = 1, then it is given as follows: 

bjt) = - Q(t) (17) 

As a consequence, the same reception baseband signals may be 
obtained irrespective of the frequency relationship between the 
reception signal and the local oscillation signal. 

It should be noted that as a modification of this first 
embodiment mode, the phase shifter 112, the inverter circuit 113, 
and the switch circuit 114 employed in the quadrature demodulator 
108 may be arranged by a DSP (digital signal processor) and the 
like, and these circuit elements may be realized as processing 
steps of a computer program executed by this DSP. 

In other words, this modification is operated as follows: 
At a first supplying step corresponding to the phase shifter 112, 
such a signal obtained by shifting the phase of the reception local 
oscillation signal by jt/2 is supplied via a D/A converter to the 
quadrature mixer 109. At an inverting step corresponding to the 
inverter circuit 113, the code polarity of the reception local 
signal is inverted. At a second supplying step corresponding to 
the switch circuit 114, any one of the reception local oscillation 
signal and the reception local oscillation signal inverted at the 
inverting step is switched in response to the band switching signal 
153, and then the switched signal is supplied via a D/A converter 
to the quadrature mixer 110. 



As previously described , in accordance with the multiband 
data communication apparatus and also the communication method 
of the multiband data communication apparatus, according to this 
first embodiment mode, since the phase of the reception local 
oscillation signal is changed in response to the band switching 
signal 153, to thereby be supplied to both the quadrature mixers 
109 and 110, the same reception baseband signal can be obtained 
irrespective of the frequency relationship between the reception 
signal and the local oscillation signal. 

Moreover, in the quadrature demodulator 108, such a 
signal produced by shifting the phase of the reception local 
oscillation signal by Jt/2 by the phase shifter 112 is supplied 
to the quadrature mixer 109, The switch circuit 114 supplies to 
the quadrature mixer 110, any one of the reception local 
oscillation signal which is switched in response to the band 
switching signal 153, and the reception local signal whose code 
polarity is inverted by the inverter circuit 113. As previously 
explained, only the inverter circuit 113 and the switch circuit 
114 are employed as the structural elements which are additionally 
provided so as to execute the correct demodulating process 
operation in accordance with the band switching control by the 
band switching signal 153. As a result, the increase in the 
additionally provided circuit scale can be suppressed,, and also 
the entire circuit arrangement can be suitably formed in an 
integrated circuit, as compared with such a conventional circuit 



# 
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arrangement that the polarity of the reception baseband signal 
itself is switched by the data output circuit. 

Furthermore , since the correct demodulating process 
operation can be carried out in accordance with the band switching 
5 control by receiving the band switching signal 153, the 

deteriorations of the reception baseband signals 157 and 158 can 
be avoided. To the contrary, conventionally, the reception 
baseband signal is directly processed to invert the code 
polarities of the quadrature components . 

10 (Second Embodiment) 

Next, Fig* 2 is a structural diagram of a multiband data 
communication apparatus to which either a multiband data 
communication apparatus or a communication method, according to 
a second embodiment mode of the present invention, is applied. 

15 It should be noted that the same reference numerals shown in Fig. 
1 (first embodiment mode) will be employed as those for denoting 
the same, or similar circuit elements of this drawing, and 
descriptions thereof are omitted. 

In the first embodiment mode, the phase of the reception 

20 local oscillation signal entered into the quadrature mixer 110 
is switched so as to obtain the same reception baseband signals 
irrespective of the frequency relationship between the reception 
signal and the reception local oscillation signal. To achieve 
the same effect as that of the first embodiment mode, reception 

25 local oscillation signals whose phases are made different from 



each other are entered into both the quadrature mixers 109 and 
110, and furthermore, a phase relationship between these phases 
of the reception local oscillation signals is switched in response 
to the band switching signal 153. In other words, as to the 
quadrature demodulator 108 employed in the first embodiment mode 
of Fig. 1, the quadrature demodulator of this second embodiment 
mode may be realized by changing the position of the phase shifter 
112 into such a position (212) shown in Fig. 2. 

Also, in Fig. 2, a quadrature demodulator 208 is arranged 
by employing quadrature mixers (first quadrature mixers) 109 and 
110; a reception local oscillator (local oscillating means ) 111; 
a phase shifter 212; an inverter circuit 213; and also a switch 
circuit 214. The reception local oscillator 111 oscillates a 
reception local oscillation signal (local oscillation signal). 

The phase shifter 212 shifts the phase of the reception local 
oscillation signal. The inverter circuit 213 inverts the 
reception local oscillating signal. The switch circuit 214 
selects that which reception local oscillation signal should be 
entered into the quadrature mixer 110 among a plurality of 
reception local oscillation signals having different phases from 
each other. 

Similar to the first embodiment mode, it should be 
understood that as a modification of this second embodiment mode, 
the phase shifter 212, the inverter circuit 213, and the switch 
circuit 214 employed in the quadrature demodulator 208 may be 



arranged by a DSP (digital signal processor) and the like, and 
these circuit elements may be realized as processing steps of a 
computer program executed by this DSP . 

In other words, this modification is operated as follows: 

At a first supplying step, the reception local oscillation signal 
is supplied via a D/A converter to the quadrature mixer 109. At 
a phase shift step corresponding to the phase shifter 212, the 
phase of the reception local signal is shifted by jt/2. At an 
inverting step corresponding to the inverter circuit 213 , the code 
polarity ofjthe output signal of the phase shift step is inverted. 

At a second supplying step corresponding to the switch circuit 
214, any one of the output signal of the phase shift step and the 
output signal of the inverting step is switched in response to 
the band switching signal 153 to thereby be supplied via a D/A 
converter to the quadrature mixer 110. 

As previously described, in accordance with the mult iband 
data communication apparatus and also the communication method 
of the multiband data communication apparatus, according to this 
second embodiment mode, in the quadrature demodulator 208, the 
reception local oscillating signal is supplied to the quadratuer 
mixer 109, and the switch circuit 214 switches the signal obtained 
by shifting the phase of the reception local oscillation signal 

by jt/2 by the phase shifter 212 , or the signal produced by inverting 
the code polarity of the output signal from the phase shifter 212 
by the inverter circuit 213 in response to the band switching 
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signal 153. Then, the switching circuit 214 supplies such a 
switched signal to the quadrature mixer 110. As previously 
explained, only the inverter circuit 213 and the switch circuit 
214 are employed as the structural elements which are additionally 
5 provided so as to execute the correct demodulating process 

operation in accordance with the band switching control by the 
band switching signal 153. As a result, the increase in the 
additionally provided circuit scale can be suppressed, and also 
the entire circuit arrangement can be suitably formed in an 

10 integrated circuit, as compared with such a conventional circuit 
arrangement that the polarity of the reception baseband signal 
itself is switched by the data output circuit. Also, similar to 
the first embodiment mode, there is such an effect that the 
deteriorations in the reception baseband signals 157 and 158 can 

15 be prevented. 

(Third Embodiment) 
Next, Fig. 3 is a structural diagram of a multiband data 
communication apparatus to which either a multiband data 
communication apparatus or a communication method, according to 

2 0 a third embodiment mode of the present invention, is applied. It 
should be noted that the same reference numerals shown in Fig. 
1 (first embodiment mode) will be employed as those for denoting 
the same, or similar circuit elements of this drawing, and 
descriptions thereof are omitted. To achieve the same effect. as 

25 that of the first embodiment mode, in a quadrature demodulator 
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308 according to this third embodiment mode, a switch circuit 314 
switches an output signal derived from a phase shifter 312 and 
another output signal derived from another phase shifter 313, the 
phase change amounts of which are different from each other. 
5 Also, in Fig. 3, the quadrature demodulator 308 is 

arranged by employing quadrature mixers ( first quadrature mixers ) 
109 and 110, a reception local oscillator (local oscillating 
means) 111; the phase shifters 312 and 313; and also the switch 
circuit 314. The reception local oscillator 111 oscillates a 
3 10 reception local oscillation signal (local oscillation signal), 
lij The phase shifters 312 and 313 shift the phase of the reception 

Ly local oscillation signal. The switch circuit 314 selects that 

fii which reception local oscillation should be entered into the 

P quadrature mixer 110 among a polarity of reception local 

llJ 15 oscillation signals having different phases from each other. 
Q Similar to the first embodiment mode, it should also be 

noted that as a modification of this third embodiment mode, the 
phase shifters 312 and 313, and the switch circuit 314 employed 
in the quadrature demodulator 3 08 may be arranged by a DSP (digital 
2 0 signal processor) and the like, and these circuit elements may 
be realized as processing steps of a computer program executed 
by this DSP. 

In other words, at a first supplying step, the reception 
local oscillation signal is supplied via a D/A converter to the 
25 quadrature mixer 109, and at a phase delaying step corresponding 
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to the phase shifter 312, the phase of the reception local 
oscillation signal is delayed by jc/2 , whereas at a phase advancing 
step corresponding to the phase shifter 313, the phase of the 
reception local oscillation signal is advanced by jt/2 • Then, at 
5 a second supplying step corresponding to the switch circuit 314, 
any one of the output signal obtained at the phase delaying step 
and the output signal obtained at the phase advancing step is 
switched in response to the band switching signal 153 to thereby 
be supplied via a D/A converter to the quadrature mixer 110. 

10 As ^previously explained , in the multiband data 

communication apparatus and the communication method of the 
multiband data communication apparatus, according to this third 
embodiment mode, in the quadrature demodulator 308, the reception 
local oscillation signal is supplied to the quadrature mixer 109. 

15 The switch circuit 314 switches any one of the signal obtained 
by delaying the phase of the reception local oscillation signal 

by jt/2 by the phase shifter 312, and also the signal obtained by 
advancing the phase of the reception local signal by the phase 
shifter 313 in response to the band switching signal 153. Then, 

20 the switch circuit 314 supplies the selected signal to the 

quadrature mixer 110. As previously explained, only the phase 
shifter 313 and the switch circuit 314 are employed as the 
structural elements which are additionally provided so as to 
execute the correct demodulating process operation in accordance 

2 5 with the band switching control by the band switching signal 153. 
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As a result, the increase in the additionally provided circuit 
scale can be suppressed, and also the entire circuit arrangement 
can be suitably formed in an integrated circuit, as compared with 
such a conventional circuit arrangement that the polarity of the 
5 reception baseband signal itself is switched by the data output 
circuit. Also, similar to the first embodiment mode, there is 
such an effect that the deteriorations in the reception baseband 
signals 157 and 158 can be prevented. 

(Fourth Embodiment) 

;S 10 Next, Fig- 4 is a structural diagram of a multiband data 

Ln 

jjj communication apparatus to which either a multiband data 

hj communication apparatus or a communication method, according to 

hi a fourth embodiment mode of the present invention, is applied. 

(3 It should be noted that the same reference numerals shown in Fig, 

pj 15 1 (first embodiment mode) will be employed as those for denoting 
□ the same, or similar circuit elements of this drawing, and 

descriptions thereof are omitted. This fourth embodiment mode 
is featured by that in the quadrature demodulator 108 of the first 
embodiment mode, both the inverter circuit 113 and the switch 
20 circuit 114 are replaced by an exclusive OR gate circuit 413. 

In Fig. 4 , in a quadrature demodulator 4 08 according to 
this fourth embodiment mode, both a reception local oscillation 
signal and a decoded result (digital binary signal) 154 of a band 
switching signal 153 are entered into the exclusive OR gate circuit 
25 413 . In response to the value of the decoded result 154 of the 
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band switching signal , the exclusive OR gate circuit 413 inverts 
the reception local oscillation signal to output the inverted 
rece ption local oscillation signal to the quadrature mixer 110, 
or directly outputs the reception local oscillation signal to this 
quadrature mixer 110. As a result, even when such a circuit 
arrangement is employed, it is possible to achieve a similar effect 
to that of the first embodiment mode. 

Similar to the first embodiment mode, it should also be 
understood that as a modification of this first embodiment mode, 
a phase shifter 412 , and the exclusive OR gate circuit 413 employed 
in the quadrature demodulator 408 may be arranged by a DSP (digital 
signal processor) and the like, and these circuit elements may 
be realized as processing steps of a computer program executed 
by this DSP. That is to say, at a first supplying step 
corresponding to the phase shifter 412, such a signal obtained 
by shifting the phase of the reception local oscillation signal 
by at/2 is supplied via a D/A converter to the quadrature mixer 
109. At an exclusive OR-gating step corresponding to the 
exclusive OR gate circuit 413, such a signal obtained by 
exclusively OR-gating both the reception local oscillation signal 
and the decoded result 154 of the band switching signal 153 is 
supplied via a D/A converter to the quadrature mixer 110. 

Also, similar to the modifications related to -the first 
embodiment mode and the second embodiment mode, the position of 
the phase shifter 412 may be changed into such a position 
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(indicated by 212) shown in Fig, 2. Also, even when the circuit 
arrangement having such a changed structure is realized as 
processing steps of a program executed by the DSP, a similar effect 
may be apparently achieved. 
5 (Fifth Embodiment) 

Next, Fig, 5 is a structural diagram of a multiband data 
communication apparatus to which either a multiband data 
communication apparatus or a communication method, according to 
a fifth embodiment mode of the present invention, is applied. It 
2 10 should be noted that the same reference numerals shown in Fig. 
]i 1 (first embodiment mode) will be employed as those for denoting 

Vj the same, or similar circuit elements of this drawing, and 

descriptions thereof are omitted. This fifth embodiment mode is 
featured by that a DDS is employed as a means for producing a 
15 reception local oscillation signal in a quadrature demodulator. 

In Fig. 5, a quadrature demodulator 508 is arranged by 
employing: quadrature mixers (first quadrature mixers) 109 and 
110 for converting a reception intermediate frequency signal into 
a reception baseband signal; memories^p4 and i-5-8 ( storage means ) 
20 for saving thereinto discrete data of a frequency pattern 

component functioning as a base; address generating units 513 and 
516 for generating an address every preselected clock; a phase 
shift unit 517 for adding a predetermined number based upon the 
band switching signal 153 to the address so as to shift a phase; 
25 a D/A converting unit (first analog converting means) 515 for 



a 
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analog-converting data which is read out by addressing the memory 
based on the address outputted from the address generating 
unit 513 to thereby supply the analog-converted data to one set 
of the quadrature mixer 109; and another D/A converting unit 
5 (second analog converting means) 519 for analog-converting data 
which is read out by addressing the memory 518 based on the output 
of the phase shift unit 517 to thereby supply the analog-converted 
data to the quadrature mixer 110. The predetermined number is such 
a number used to advance a phase of a signal 156 by Jt/2 f or to 

10 delay the phase of this signal 156 by jc/2 . 

Also, the quadrature demodulator 5 08 is comprised of: a 
clock generating unit 511 for generating a clock signal; and an 
interval determining unit 512 for determining a clock interval 

"At" used to read out data from the memories 514 and 518 so as 
15 to control the address generating operation of the address 

generating units 513 and 516. Since this clock interval "At" of 
the interval determining unit 512 is set, the frequency of the 
produced reception local oscillation signal can be arbitrarily 
controlled. It should also be noted that a DEC 107 provided with 
2 0 the quadrature demodulator 508 is such a decoder which decodes 
the band switching signal 153 so as to produce a control signal 
154 to the phase shift unit 517. 

Similar to the first embodiment mode, it should be noted 
that as a modification of this fifth embodiment mode, the DDS 
2 5 portion except for the quadrature mixers 109 and 110 employed in 



the quadrature demodulator 508 may be arranged by a DSP (digital 
signal processor) and the like, and these circuit elements may 
be realized as processing steps of a computer program executed 
by this DSP. 

In other words, the communication method of the multiband 
data communication apparatus, according to the fifth embodiment, 
is realized by employing: a storing step for saving discrete data 
of a frequency pattern component functioning as a base into the 

574 M 

memories and ^*&&} an address generating step for generating 

an address every preselected clock; a phase shifting step for 
adding a predetermined number based upon the band switching signal 
153 to the address; a first analog converting step for 
analog-converting data which is read out by addressing the data 
saved in the memory 514 based on the address outputted from the 
address generating step to thereby supply the analog-converted 
data to the quadrature mixer 109; and a second analog converting 
step for analog-converting data which is read out by addressing 
the data saved in the memory 518 based on the output of the phase 
shifting step to thereby supply the analog-converted data to the 
quadrature mixer 110. The address generating step corresponds 
to the address generating units 513 and 516. The phase shifting 
step corresponds to the phase shifting unit 517. The 
predetermined number is such a number used to advance the phase 

of the signal 156 by jt/2, or to delay the phase of this signal 
156 by Jt/2. The first analog converting step corresponds to the 



D/A converting unit 515. The second analog converting step 
corresponds to the D/A converting unit 519. 

As previously described, in accordance with the multiband 
data communication apparatus and also the communication method 
of the multiband data communication apparatus, according to this 
fifth embodiment mode, since the phase of the reception local 
oscillation signal is changed in response to the band switching 
signal 153 to thereby be supplied to the quadrature mixer 110, 
the same reception baseband signals can be obtained irrespective 
of the frequency relationship between the reception signal and 
the local oscillation signal. 

Moreover, in the quadrature demodulator 508, the 
structural elements (processing steps) additionally provided so 
as to perform the correct demodulating process operation in 
accordance with the band switching control by receiving the band 
switching signal 153 may be realized by either the DDS or the DSP. 

As a result, the increase in the additionally provided circuit 
scale (processing step) can be suppressed, and also the entire 
circuit arrangement can be suitably formed in an integrated 
circuit , as compared with such a conventional circuit arrangement . 

Also, similar to the first embodiment mode, there is such an 
effect that the deteriorations in the reception baseband signals 
157 and 158 can be prevented. 

(Sixth Embodiment) 
Fig. 6 is a structural diagram for indicating either a 
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multiband data communication apparatus or a multiband data 
communication apparatus to which a communication method is 
applied, according to a "sixth embodiment mode of the present 
invention. This sixth embodiment mode is such a multiband data 
5 communication apparatus for transmitting by switching a plurality 
of frequency bands in response to a band switching signal, namely 
is directed to a data communication apparatus such as a mobile 
communication apparatus which is typically known as a digital 
portable telephone . 

10 In Fig. 6, the multiband data communication apparatus, 

according to this sixth embodiment mode, is arranged by employing 
an antenna 601, a power amplifier 602, an upconverter &tS , a local 
oscillator 604, a quadrature modulator 608, and also a waveform 
generating circuit 621. The waveform generating circuit 621 

15 converts transmission data 659 into transmission baseband signals 
657 and 65 8 orthogonal to each other. The quadrature modulator 
608 outputs a transmission intermediate frequency signal 651 
which correspond to the entered transmission baseband signals 657 
and 658. The local oscillator 604 produces a local oscillation 

20 signal 652. The upconverter 613 enters thereinto both the 

transmission intermediate frequency signal 651 and the local 
oscillation signal 652, and then outputs a transmission signal. 

The (high power) power amplifier 602 amplifies the transmission 
signal. The antenna 601 effectively transmits the amplified 

25 transmission signal. 
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Also, in Fig. 6, the quadrature modulator 608 is arranged 
by employing quadrature mixers (second quadrature mixers ) 609 and 
610; a transmission local oscillator (local oscillating means) 
611; a phase shifter 612 ; an inverter circuit 613 ; and also a switch 
5 circuit 614. The quadrature mixers 609 and 610 convert the 
entered transmission baseband signals 657 and 658 into the 
transmission baseband intermediate frequency signals. ^9-£-©-2FJ 

In this case, the phase shifter 612, the inverter circuit 
613, and the switch circuit 614 correspond to a phase shifting 
10 means. The inverter circuit 613 may be realized by an inverting 
amplifier and the like. The switch circuit 614 may be realized 
by an analog switch made of a switching element. Also, a DEC 607 
additionally provided with the quadrature modulator 608 
corresponds to a decoder for decoding a band switching circuit 
15 653 to thereby produce a switching signal 654 of the switch circuit 
614. 

In the multiband communication apparatus with employment 
of the above-explained circuit arrangement, generally speaking, 
in the waveform generating circuit 621, assuming now that the 

20 transmission baseband signals 657 and 658 which own an orthogonal 
phase relationship between them and are produced from the 
transmission data 659 are expressed as an "I(t)" and a " Q ( t ) " , 
respectively, and also an angular frequency of a local oscillation 
signal outputted from the transmission local oscillator 611 is 

25 equal to "coIF" , the transmission intermediate frequency signal 
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651 may be expressed as follows: 

SIF(t) = I (t )cos[coIFt ] + Q(t )sin[a>IFt] ...(18) 
It should be noted that a coefficient of an amplitude equally 
applied to the respective items is negligible. 
5 In the upconverter 603, assuming now that the output 

signal of the upconverter 6 03 which is obtained by being multiplied 
by the output signal SLO(t) of the local oscillator 604 is equal 
to SMIX(t), this transmission intermediate frequency signal 651 
is given as follows: 
10 SMIX(t) = SLO(t) -SIF(t) 

= cos[<uLOt+0LO] 
* {I(t)cos[o>IFt]+Q(t)sin[toIFt] } 
= I(t){cos[ (a>LO+coIF)t+0LO ] 
+cos[ (aiLO-a)IF)t+0LO ] } 
15 +Q(t) {sin[ (a)LO+a>IF)t+0LO] 

-sin[ (a)LO-a)IF)t+0LO] } ... (19) 

Only such a desirable frequency component of the signal 
outputted from the upconverter 6 03 is selected. In the case that 
the local frequency is higher than the transmission frequency, 
2 0 assuming now that an angular frequency of a transmission signal 
SUL(t) is equal to tuRF ( = ouLO - coIF), this transmission signal 
SUL(t) is given as follows: 

SUL(t) = I ( t ) cos [ coRFt + 0LO] 

- Q(t )sin[o)RFt + 0LO] (20) 



However, in such a case that: the local frequency is h- i g h ex 

A 

than the transmission frequency, the angular frequency of the 
transmission signal becomes ooRF = ouLO + ooIF, and thus this 
transmission signal SLL(t) is given as follows: 
SLL(t) = I(t)cos[coRFt + 0LO] 

+ Q(t )sin[coRFt + 0LO] •••(21) 
As a result, this transmission signal SLL ( t ) may become a different 
transmission signal, depending upon the frequency relationship 
between the transmission signal and the local signal. 

Accordingly, in such a case, in the quadrature modulator 
608, while the switch circuit 614 is switched in response to the 
band switching signal 653, when the local oscillation signal 
inputted to the upconverter 603 is penetrated through a signal 
path involving the inverter circuit 613 for inverting the signal 
polarity, the transmission intermediate frequency signal 651 may 
be expressed as follows: 

SIF(t) = I (t )cos[oIFt ] - Q(t )sin[o)IFt] (22) 

The output signal SMIX(t) of the upconverter 603 is given as 
follows : 

SMIX(t) = SLO(t) *SIF(t) 
= cos[<aLOt+0LO] 

- { I ( t ) cos [ o)IFt ] -Q( t ) sin[ coIFt ] } 
= I (t ) {cos [ (o)L0+o)IF) t+0LO ] 
+cos [ (<aLO-(DlF)t+0LO ] } 
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+Q(t ) {sin[ (oiLO+a)IF)t+0LO] 

-sin[ (aiLO r a)IF)t+0LO] } (23) 

Now, paying an attention to such a case that the local 
oscillation frequency is lower than the transmission frequency, 
5 since the angular frequency of this transmission signal is equal 
to coRF = aiLO + toIF, this transmission signal SLL(t) is given as 
follows : 

SLL(t) = I ( t ) cos [ oRFt + 0LO] 

- Q(t )sin[coRFt + 0LO] " . ..(24) 

10 As a consequence, it can be understood that the same transmission 
signal 'SLL(t) as that obtained when the local oscillation 
frequency is higher than the transmission frequency can be 
obtained. 

It should be noted that as a modification of this sixth 
15 embodiment mode, the phase shifter 612, the inverter circuit 613, 
and the switch circuit 614 employed in the quadrature modulator 
608 may be arranged by a DSP (digital signal processor) and the 
like, and these circuit elements may be realized as processing 
steps of a computer program executed by this DSP . 
20 In other words, this modification is operated as follows: 

At a first supplying step corresponding to the phase shifter 612, 
such a signal obtained by shifting the phase of the transmission 
local oscillation signal by jt/2 is supplied via a D/A converter 
to the quadrature mixer 609. At an inverting step corresponding 
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to the inverter circuit 613 , the code polarity of the transmission 
local signal is inverted* At a second supplying step 
corresponding to the switch circuit 614 , any one of the 
transmission local oscillation signal and the transmission local 
5 oscillation signal inverted at the inverting step is switched in 
response to the band switching signal 653 f and then the switched 
signal is supplied via a D/A converter to the quadrature mixer 
610. 

As previously described, in accordance with the mult iband 

'Jq 10 data communication apparatus and also the communication method 

in 

\il of the multiband data communication apparatus, according to this 

y sixth embodiment mode, since the phase of the transmission local 

j_4j oscillation signal is changed in response to the band switching 

□ signal 653, to thereby be supplied to both the quadrature mixers 

jll 15 609 and 610, the desirable transmission intermediate frequency 
q signal can be obtained irrespective of the frequency relationship 

between the transmission signal and the local oscillation signal. 

Moreover, in the quadrature modulator 608, such a signal 
produced by shifting the phase of the transmission local 
20 oscillation signal by jc/2 by the phase shifter 612 is supplied 
to the quadrature mixer 609. The switch circuit 614 supplies to 
the quadrature mixer 610, any one of the transmission local 
oscillation signal which is switched in response to the band 
switching signal 653 , and the transmission local signal whose code 
25 polarity is inverted by the inverter circuit 613. As previously 



explained, only the inverter circuit 613 and the switch circuit 
614 are employed as the structural elements which are additionally 
provided so as to execute the correct modulating process operation 
in accordance with the band switching control by the band switching 
signal 653, As a result, the increase in the additionally 
provided circuit scale can be suppressed, and also the entire 
circuit arrangement can be suitably formed in an integrated 
circuit, as compared with such a conventional circuit arrangement 
that the polarity of the transmission baseband signal itself is 
switched by the waveform generating circuit. 

Furthermore, since the correct modulating process 
operation can be carried out in accordance with the band switching 
control by receiving the band switching signal 653, the 
deteriorations of the transmission baseband signals 657 and 658 
can be avoided. To the contrary, conventionally, the 
transmission baseband signal is directly processed to invert the 
code polarities of the quadrature components. 

( Seventh Embodiment ) 

Next, Fig. 7 is a structural diagram of a multiband data 
communication apparatus to which either a multiband data 
communication apparatus or a communication method, according to 
a seventh embodiment mode of the present invention, is applied. 

It should be noted that the same reference numerals shown in Fig. 
6 (sixth embodiment mode) will be employed as those for denoting 
the same, or similar circuit elements of this drawing, and 
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descriptions thereof are omitted. 

In the sixth embodiment mode, the phase of the 
transmission local oscillation signal entered into the quadrature 
mixer 610 is switched so as to obtain the desirable transmission 
intermediate frequency signal irrespective of the frequency 
relationship between the transmission signal and the transmission 
local oscillation signal. To achieve the same effect as that of 
the sixth embodiment mode, transmission local oscillation signals 
whose phases are made different from each other are entered into 
both the quadrature mixers 609 and 610, and furthermore, a phase 
relationship between these phases of the transmission local 
oscillation signals is switched in response to the band switching 
signal 653- In other words, as to the quadrature modulator 608 
employed in the sixth embodiment mode of Fig. 6, the quadrature 
modulator of this seventh embodiment mode may be realized by 
changing the position of the phase shifter Hr2 into such a position 
(712) shown in Fig, 7. 

Also, in Fig. 7, a quadrature modulator 708 is arranged 
by employing quadrature mixers (second quadrature mixers ) 609 and 
610; a transmission local oscillator (local oscillating means) 
611; a phase shifter 712 ; an inverter circuit 713 ; and also a switch 
circuit 714. The transmission local oscillator 611 oscillates 
a transmission local oscillation signal (local oscillation 
signal). The phase shifter 712 shifts the phase of the 
transmission local oscillation signal. The inverter circuit 713 



inverts the transmission local oscillating signal. The switch 
circuit 714 selects that which transmission local oscillation 
signal should be entered" into the quadrature mixer 610 among a 
plurality of transmission local oscillation signals having 
different phases from each other. 

Similar to the sixth embodiment mode, it should be 
understood that as a modification of this seventh embodiment mode, 
the phase shifter 712, the inverter circuit 713, and the switch 
circuit 714 employed in the quadrature modulator 708 may be 
arranged by a DSP (digital signal processor) and the like, and 
these circuit elements may be realized as processing steps of a 
computer program executed by this DSP. 

In other words, this modification is operated as follows: 

At a first supplying step, the transmission local oscillation 
signal is supplied via a D/A converter to the quadrature mixer 
609. At a phase shift step corresponding to the phase shifter 
712, the phase of the transmission local signal is shifted by jt/2. 

At an inverting step corresponding to the inverter circuit 713, 
the code polarity of the output signal of the phase shift step 
is inverted. At a second supplying step corresponding to the 
switch circuit 714 , any one of the output signal of the phase shift 
step and the output signal of the inverting step is switched in 
response to the band switching signal 653 to thereby be. supplied 
via a D/A converter to the quadrature mixer 610. 

As previously described, in accordance with the multiband 
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data communication apparatus and also the communication method 
of the multiband data communication apparatus, according to this 
seventh embodiment mode/ in the quadrature modulator 708, the 
transmission local oscillating signal is supplied to the 
5 quadrature mixer 609, and the switch circuit 714 switches the 
signal obtained by shifting the phase of the transmission local 
oscillation signal by Jt/2 by the phase shifter 712, or the signal 
produced by inverting the code polarity of the output signal from 
the phase shifter 712 by the inverter circuit 713 in response to 

10 the band switching signal 653. As previously explained, only the 
inverter circuit 713 and the switch circuit 714 are employed as 
the structural elements which are additionally provided so as to 
execute the correct modulating process operation in accordance 
with the band switching control by the band switching signal 653. 

15 As a. result, the increase in the additionally provided circuit 
scale can be suppressed, and also the entire circuit arrangement 
can be suitably formed in an integrated circuit. Also, similar 
to the sixth embodiment mode, there is such an effect that the 
deteriorations in the transmission baseband signals 657 and 658 

2 0 can be prevented . 

(Eighth Embodiment) 
Next, Fig. 8 is a structural diagram of a multiband data 
communication apparatus to which either a multiband data 
communication apparatus or a communication method, according to 
25 an eighth embodiment mode of the present invention, is applied. 



It should be noted that the same reference numerals shown in Fig. 
6 (sixth embodiment mode) will be employed as those for denoting 
the same, or similar circuit elements of this drawing, and 
descriptions thereof are omitted. To achieve the same effect as 
that of the sixth embodiment mode, in a quadrature modulator 808 
according to this eighth embodiment mode, a switch circuit 814 
switches an output signal derived from a phase shifter 812 and 
another output signal derived from another phase shifter 813, the 
phase change amounts of which are different from each other. 

Also, in Fig. 8, the quadrature demodulator 808 is 
arranged by employing quadrature mixers (second quadrature 
mixers) 609 and 610, a transmission local oscillator (local 
oscillating means) 611; the phase shifters 812 and 813; and also 
the switch circuit 814. The transmission local oscillator 611 
oscillates a transmission local oscillation signal (local 
oscillation signal). The phase shifters 812 and 813 shift the 
phase of the transmission local oscillation signal. The switch 
circuit 814 selects that which transmission local oscillation 
signal should be entered into the quadrature mixer 610 among a 
polarity of transmission local oscillation signals having 
different phases from each other. 

Similar to the sixth embodiment mode, it should also be 
noted that as a modification of this eighth embodiment mode, the 
phase shifters 812 and 813, and the switch circuit 814 employed 
in the quadrature demodulator 808 may be arranged by a DSP (digital 



signal processor) and the like, and these circuit elements may 
be realized as processing steps of a computer program executed 
by this DSP. 

In other words, at a first supplying step, the 
transmission local oscillation signal is supplied via a D/A 
converter to the quadrature mixer 609, and at a phase delaying 
step corresponding to the phase shifter 812, the phase of the 
transmission local oscillation signal is delayed by jc/2, whereas 
at a phase advancing step corresponding to the phase shifter 813, 
the phase of_the transmission local oscillation signal is advanced 

by jc/2. Then, at a second supplying step corresponding to the 
switch circuit 814, any one of the output signal obtained at the 
phase delaying step and the output signal obtained at the phase 
advancing step is switched in response to the band switching signal 
653 to thereby be supplied via a D/A converter to the quadrature 
mixer 610. 

As previously explained, in the multiband data 
communication apparatus and the communication method of the 
multiband data communication apparatus, according to this eighth 
embodiment mode, in the quadrature modulator 808, the 
transmission local oscillation signal is supplied to the 
quadrature mixer 609. The switch circuit 814 switches any one 
of the signal obtained by delaying the phase of the transmission 
local oscillation signal by ji/2 by the phase shifter 812, and also 
the signal obtained by advancing the phase of the transmission 



local signal by the phase shifter 813 in response to the band 
switching signal 653. Then, the switch circuit 814 supplies the 
selected signal to the quadrature mixer 610. As previously 
explained, only the phase shifter 813 and the switch circuit 814 
are employed as the structural elements which are additionally 
provided so as to execute the correct modulating process operation 
in accordance with the band switching control by the band switching 
signal 653. As a result, the increase in the additionally 
provided circuit scale can be suppressed, and also the entire 
circuit arrangement can be suitably formed in an integrated 
circuit, as compared with such a conventional circuit arrangement 
that the polarity of the transmission baseband signal itself is 
switched by th^-ete 4ro - output circuit. Also, similar to the sixth 
embodiment mode, there is such an effect that the deteriorations 
in the reception baseband signals 657 and 658 can be prevented. 

(Ninth Embodiment) 
Next, Fig. 9 is a structural diagram of a multiband data 
communication apparatus to which either a multiband data 
communication apparatus or a communication method, according to 
a ninth embodiment mode of the present invention, is applied. It 
should be noted that the same reference numerals shown in Fig. 
6 (sixth embodiment mode) will be employed as those for denoting 
the same, or similar circuit elements of this drawing, and 
descriptions thereof are omitted. This ninth embodiment mode is 
featured by that in the quadrature modulator 608 of the sixth 



embodiment mode, both the inverter circuit 613 and the switch 
circuit 614 are replaced by an exclusive OR gate circuit 913. 

In Fig. 9 , in a quadrature demodulator 908 according to 
this ninth embodiment mode, both a transmission local oscillation 
signal and a decoded result (digital binary signal) 654 of a band 
switching signal 653 are entered into the exclusive OR gate circuit 
913. In response to the value of the decoded result 654 of the 
band switching signal, the exclusive OR gate circuit 913 inverts 
the transmission local oscillation signal to output the inverted 
transmission local oscillation signal to the quadrature mixer 610 , 
or directly outputs the transmission local oscillation signal to 
this quadrature mixer 610. As a result, even when such a circuit 
arrangement is employed, it is possible to achieve a similar effect 
to that of the sixth embodiment mode. 

Similar to the sixth embodiment mode, it should also be 
understood that as a modification of this ninth embodiment mode, 
a phase shifter 912 , and the exclusive OR gate circuit 913 employed 
in the quadrature demodulator 908 may be arranged by a DSP (digital 
signal processor) and the like, and these circuit elements may 
be realized as processing steps of a computer program executed 
by this DSP. That is to say, at a first supplying step 
corresponding to the phase shifter 912, such a signal obtained 
by shifting the phase of the transmission local oscillation signal 
by ji/2 is supplied via a D/A converter to the quadrature mixer 
609. At an exclusive OR-gating step corresponding to the 
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exclusive OR gate circuit 913, such a signal obtained by 
exclusively OR-gating both the transmission local oscillation 
signal and the decoded result 654 of the band switching signal 
653 is supplied via a D/A converter to the quadrature mixer 610. 
5 Also, similar to the modifications related to the sixth 

embodiment mode and the seventh embodiment mode, the position of 
the phase shifter 912 may be changed into such a position 
(indicated by 712) shown in Fig. 7. Also, even when the circuit 
arrangement having such a changed structure is realized as 
10 processing steps of a program executed by the DSP, a similar effect 
may be apparently achieved. 

(Tenth Embodiment) 
Next, Fig. 10 is a structural diagram of a multiband data 
communication apparatus to which either a multiband data 
15 communication apparatus or a communication method, according to 
a tenth embodiment mode of the present invention, is applied. It 
should be noted that the same reference numerals shown in Fig. 
6 (sixth embodiment mode) will be employed as those for denoting 
the same, or similar circuit elements of this drawing, and 
2 0 descriptions thereof are omitted. This tenth embodiment mode is 
featured by that a DDS is employed as a means for producing a 
^reception local oscillation signal in a quadrature Semodulator . 

In Fig. 10, a quadrature modulator 100 8 is arranged by 



G~s employing: quadrature mixers ( ocoond quadrature mixers) 609 and 

25 610 for converting entered transmission baseband signals 657 and 
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658 into a transmission intermediate frequency signal; memories 
1014 and 1018 (storing means) for saving thereinto discrete data 
of a frequency pattern component functioning as a base; address 
generating units 1013 and 1016 for generating an address every 
5 preselected clock; a phase shift unit 1017 for adding a 

predetermined number based upon the band switching signal 653 to 
the address so as to shift a phase; a D/A converting unit (first 
analog converting means) 1015 for analog-converting data which 
is read out by addressing the memory ^r0"T3" based on the addres 



□ 



s 

10 outputted from the address generating unit 1013 to thereby supply 
the analog-converted data to the quadrature mixer 6 09 ; and another 
D/A converting unit (second analog converting means) 1019 for 
analog-converting data which is read out by addressing the memory 
1018 based on the output of the phase shift unit 1017 to thereby 

15 supply the analog-converted data to the quadrature mixer 610* The 
predetermined number is such a number used to advance a phase of 

a signal 656 by ji/2, or to delay the phase of this signal 656 by 
n/2. 

Also, the quadrature modulator 1008 is comprised of: a 
2 0 clock generating unit 1011 for generating a clock signal; and an 
interval determining unit 1012 for determining a clock interval 

"At" used to read out data from the memories 1014 and 1018 so as 
to control the address generating operation of the address 
generating units 1013 and 1016, Since this clock interval "At" 
25 of the interval determining unit 1012 is set, the frequency of 



the produced transmission local oscillation signal can be 

arbitrarily controlled. It should also be noted that a DEC 607 

provided with the quadrature modulator 1008 is such a decoder which 

decodes the band switching signal 653 so as to produce a control 

07 

signal 654 to the phase shift unit^€4r?. 

Similar to the sixth embodiment mode, it should be noted 
that as a modification of this tenth embodiment mode, the DDS 
portion except for the quadrature mixers 609 and 610 employed in 
the quadrature modulator 1008 may be arranged by a DSP (digital 
signal processor) and the like, and these circuit elements may 
be realized as processing steps of a computer program executed 
by this DSP. 

In other words, the communication method of the multiband 
data communication apparatus, according to the tenth embodiment, 
is realized by employing: a storing step for saving discrete data 
of a frequency pattern component functioning as a base into the 
memories 1014 and 1018; an address generating step for generating 
an address every preselected clock; a phase shifting step for 
adding a predetermined number based upon the band switching signal 
653 to the address; a first analog converting step for 
analog-converting data which is read out by addressing the data 
saved in the memory 1014 based on the address outputted from the 
address generating step to thereby supply the analog-converted 
data to the quadrature mixer 609; and a second analog converting 
step for analog-converting data which is read out by addressing 
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the data saved in the memory 1018 based on the output of the phase 
shifting step to thereby supply the analog-converted data to the 
quadrature mixer 610. The address generating step corresponds 
to the address generating units 1013 and 1016. The phase shifting 
5 step corresponds to the phase shifting unit 1017. The 

predetermined number is such a number used to advance the phase 
of the signal 656 by Jt/2, or to delay the phase of this signal 
656 by Jt/2. The first analog converting step corresponds to the 
D/A converting unit 1015. The second analog converting step 

10 corresponds, to the D/A converting unit 1019. 

As previously described, in accordance with the multiband 
data communication apparatus and also the communication method 
of the multiband data communication apparatus, according to this 
tenth embodiment mode, since the phase of the transmission local 

15 oscillation signal is changed in response to the band switching 
signal 653 to thereby be supplied to the quadrature mixer 610, 
the desirable transmission intermediate frequency signal can be 
obtained irrespective of the frequency relationship between the 
transmission signal and the local oscillation signal. 

2 0 Moreover, in the quadrature modulator 1008, the 

structural elements (processing steps) additionally provided so 
as to perform the correct modulating process operation in 
accordance with the band switching control by receiving the band 
switching signal 653 may be realized by either the DDS or the DSP. 

25 As a result, the increase in the additionally provided circuit 



scale (processing step) can be suppressed, and also the entire 
circuit arrangement can be suitably formed in an integrated 
circuit, as compared with such a conventional circuit arrangement . 
Also, similar to the sixth embodiment mode, there is such an 
effect that the deteriorations in the transmission baseband 
signals 657 and 658 can be prevented, 

(Eleventh Embodiment) 
Fig. 11 is a structural diagram for indicating either a 
multiband data communication apparatus or a multiband data 
communication apparatus to which a communication method is 
applied, according to an eleventh embodiment mode of the present 
invention. It should be understood that the same reference 
numerals shown in the prior art (Fig. 12), the fourth embodiment 
mode (Fig. 4), and the ninth embodiment mode (Fig. 9) will be 
employed as those for denoting the same circuit elements shown 
in the drawing. This eleventh embodiment mode is directed to such 
a multiband data communication apparatus for 
transmitting/receiving communication data by switching a 
plurality of frequency bands in response to a band switching signal , 
and is featured by that both the fourth embodiment mode and the 
ninth embodiment mode are applied to a receiver unit and a 
transmitter unit provided in such a multiband data communication 
apparatus . 

In Fig. 11, the multiband data communication apparatus, 
according to this eleventh embodiment mode, is arranged by an 
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antenna 101 , a local oscillator 104 , a receiver unit , a transmitter 
unit, and also a local oscillation signal generating unit. In 
this case, the receiver unit is equipped with a radio frequency 
(high frequency) amplifier 102, a downconverter 103, an 
5 intermediate frequency amplifier 105, a quadrature demodulator 
408', and a data output circuit 121. The transmitter unit is 
equipped with a (high power) power amplifier 602, an upconverter 
603, a quadrature modulator /} '6-8^* , and a waveform generating 
circuit 621. 

10 Also, the local oscillation signal generating unit is so 

arranged as to commonly circuit portions capable of generating 
a local oscillation signal supplied to two sets of quadrature 
mixers in the quadrature demodulator 4 08 of the fourth embodiment 
mode, and the quadrature modulator^ of the ninth embodiment 

15 mode. This local oscillation signal generating unit is provided 
with a local oscillator (local oscillating means) 111, a phase 
shifter 412, an exclusive OR gate circuit 413, and a decoder (DEC) 
107. In this case, both the phase shifter 412 and the exclusive 
OR gate circuit 413 correspond to a phase shifting means. 

20 In other words, such a signal produced by shifting a phase 

of a local oscillation signal of the local oscillator 111 by the 

phase shifter 412 by jt/2 is supplied to one mixer of the quadrature 
mixers 109 and 609. While the local oscillation signal and the 
decoded result 154 by the decoder 107 by the band switching signal 
25 153 are inputted to the exclusive OR gate circuit 413, either the 



signal obtained by inverting the local oscillation signal or the 
non- inverted local oscillation signal in accordance with the 
value of the decoded result 154 of the band switching signal 153 
is supplied to the other mixer of the quadrature mixers 109 and 
609. As a result, the local oscillation signals having the 
respective frequencies suitable for the respective frequency 
bands may be outputted to the respective quadrature mixers, so 
that both the quadrature demodulator 4 08 1 and the quadrature 
modulator 609 1 may be operated in the correct manner- 
First, in the receiver unit, a modulated reception signal 
which is received by the antenna 101 is amplified by the RF 
amplifier 102, and thereafter the amplified reception signal is 
entered into the downconverter 103. The downconverter 103 may 
output such signals having frequencies which are defined by adding 
the frequency of the amplified reception signal to a frequency 
of a local oscillation signal 152 outputted from the local 
oscillator 104, and also by subtracting the frequency of the 
amplified reception signal from the frequency of the local 
oscillation signal 152. In this case, for instance, while using 
either a low-pass filter or a high-pass filter, the downconverter 
103 selects as a reception intermediate frequency signal 151, a 
signal having such a subtraction frequency lower than the 
frequency of the received RF signal. The reception intermediate 
frequency signal 151 having the frequency lower than the frequency 
of the reception signal , which is outputted from the downconverter 



103 is amplified by the intermediate frequency amplifier 105. 
Then, the amplified intermediate frequency signal is entered into 
the quadrature demodulator 4 0 8*. 

The quadrature demodulator 4 08 1 is arranged by two sets 
of quadrature mixers 109 and 110. The quadrature mixers 109 and 
110 convert the reception intermediate frequency signal into a 
reception baseband signal 157 and another reception baseband 
signal 158. The quadrature mixers 109 and 110 enter thereinto 
the amplified reception intermediate frequency signal, and the 
output signal 155 of the phase shifter 412 f and also the output 
signal 156 of the exclusive OR gate circuit 413, and then output 
two sets of reception baseband signals 157 and 158 whose phase 
difference is 90 degrees. The data output circuit 121 decodes 
reception data 159 by utilizing a phase relationship between the 
reception baseband signals 157 and 158 having the phase difference 
by 90 degrees from each other. 

On the other hand, in the transmitter unit, the waveform 
producing circuit 621 into which transmission data 659 is inputted 
produces both a transmission baseband signal 657 and another 
transmission baseband 658, which may have a phase relationship 
in accordance with the entered transmission data 659. Then, the 
waveform producing circuit 621 enters the transmission baseband 
signals 657 and 658 to the quadrature modulator 6-0-9* . 

The quadrature modulator^ frQ9 -* is arranged by two sets of 
quadrature mixers 609 and 610, and also an adder 606. The 



quadrature mixers 609 and 610 convert the transmission baseband 
signals 657 and 658 into the intermediate frequency signals. The 
adder 606 adds two sets of intermediate frequency signals 
outputted from two sets of the quadrature mixers 609 and 610 to 
each other , and then outputs a transmission intermediate 
frequency signal 651. In other words, two sets of the 
transmission baseband signals 657 and 658 which own the phase 
difference in accordance with the transmission data 659, the 
output signal 655 of the phase shifter 412, and the output signal 
656 of the exclusive OR gate circuit 413 are inputted to both the 
quadrature mixers 609 and 610, so that the transmission 
intermediate frequency signals are outputted from these 
quadrature mixers 609 and 610. 

The upconverter 603 outputs signals having frequencies 
obtained by adding and subtracting the frequency of the entered 
transmission intermediate frequency signal 651 and the frequency 
of the entered local oscillation signal 152 . For example, in this 
case, while employing either a high-pass filter or a band-pass 
filter, this upconverter 603 selects such a signal having a 
summation frequency higher than the original frequency as a 
transmission RF signal. The transmission RF signal derived from 
the upconverter 603 is amplified by the (high power) power 
amplifier 602 , and then the amplified power transmission RF signal 
is outputted from the antenna 101 as the transmission signal. 

It should also be understood that as a modification of 



this eleventh embodiment mode, the phase shifter 412 of the local 
oscillation signal generating unit, and the exclusive OR gate 
circuit 413 may be arranged by a DSP (digital signal processor) 
and the like, and these circuit elements may be realized as 
processing steps of a computer program executed by this DSP. 

That is to say, at a first supplying step corresponding 
to the phase shifter 412, such a signal obtained by shifting the 
phase of the local oscillation signal by jt/2 is supplied via a 
D/A converter to one mixer of the quadrature mixers 109 and 609. 

At an exclusive OR-gating step corresponding to the exclusive 
OR gate circuit 413, such a signal obtained by exclusively 
OR-gating both the local oscillation signal and the decoded result 
154 of the band switching signal 153 is supplied via a D/A converter 
to the other mixer of the quadrature mixers 110 and 610, 

As previously described, in accordance with the multiband 
data communication apparatus and also the communication method 
of the multiband data communication apparatus, according to this 
eleventh embodiment mode, since the phase of the local oscillation 
signal is changed in response to the band switching signal 153 
to thereby be supplied to the quadrature mixers 109 and 110 and 
also 609 and 610, the same reception baseband signal can be 
obtained irrespective of the frequency relationship between the 
reception signal and the local oscillation signal. Furthermore, 
a desirable transmission intermediate frequency signal can be 
obtained irrespective of the frequency relationship between the 
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transmission signal and the local oscillation signal. 

Moreover, in the local oscillation signal generating unit , 
such a signal produced by shifting the phase of thie local 
oscillation signal by jt/2 by the phase shifter 412 is supplied 
5 to one mixer of the quadrature mixers 109 and 609, The switch 
circuit supplies to the other mixer of the quadrature mixers 110 
and 610 from the exclusive OR gate circuit 413, any one of the 
local oscillation signal which is switched in response to the band 
switching signal 153, and the local oscillation signal whose code 

10 polarity is_ inverted. As previously explained, only the 

exclusive OR gate circuit 413 is employed as the structural 
elements which are additionally provided so as to execute the 
correct modulating/demodulating process operations in accordance 
with the band switching control by the band switching signal 153. 

15 As a result, the increase in the additionally provided circuit 
scale can be suppressed, and also the entire circuit arrangement 
can be suitably formed in an integrated circuit, as compared with 
such a conventional circuit arrangement that the polarity of the 
reception baseband signal itself is switched by the data output 

2 0 circuit. Also, the polarity of the transmission baseband signal 
itself is switched by the waveform generating circuit. 

Furthermore, since the correct modulating/demodulating 
process operations can be carried out in accordance with the band 
switching control by receiving the band switching signal 153, the 

25 deteriorations of the baseband signals can be avoided. To the 
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contrary , conventionally, the baseband signal is directly 
processed to invert the code polarities of the quadrature 
components . 

In the above-explained arrangement according to this 
5 eleventh embodiment mode, while the same sort of embodiment modes 
(namely fourth and ninth embodiment modes) are applied to the 
receiver unit and the transmitter unit respectively, the common 
structural portions (i.e., local oscillator 111, phase shifter 
412, exclusive OR gate circuit 413, and decoder 107) are commonly 

10 used by the local oscillation signal generating unit. 

Alternatively, the same sorts of other combined embodiment modes 
(namely, first and sixth embodiment modes; second and seventh 
embodiment modes ; and third and eighth embodiment modes ) may be 
applied to the receiver unit and the transmitter unit, 

15 respectively. 

Further, although the commonly operable circuit 
arrangement is limited to the local oscillator 111 and the decoder 
107, different sorts of combined embodiment modes may be 
alternatively realized. For instance, the first embodiment mode 

20 may be applied to the receiver unit whereas the seventh embodiment 
mode may be applied to the transmitter unit. Moreover, even in 
such an arrangement that the same sort of combined embodiment mode 
is applied to the receiver unit and the transmitter unit, as the 
common arrangement portion, both the local oscillator 111 and the 

25 decoder 107 may be provided, whereas the respective elements for 
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constituting the phase shifting means may be employed within both 
the quadrature demodulator and the quadrature modulator. 

While the multiband data communication apparatus, the 
communication method of the multiband data communication 
5 apparatus, and the storage medium, according to the present 
invention, have been described in detail, when a plurality of 
frequency bands are switched by the band switching signal to 
receive the communication data, the local oscillation signal is 
produced by the local oscillating means (local oscillating step) , 

10 and the phase of the local oscillation signal is changed in 

response to the band switching signal by the phase shifting means 
(phase shifting step) . Then, the phase-shifted local 
oscillation signal is supplied to the first quadrature mixer for 
converting either the reception signal or the reception 

15 intermediate frequency signal into the reception baseband signal . 
As a result, a desirable reception baseband signal can be obtained 
irrespective of the frequency relationship between the reception 
signal and the local oscillation signal, and then the correct 
demodulating process operation can be carried out in accordance 

2 0 with the band switching control by the band switching signal. To 
this end, only the phase shifting means (phase shifting step) is 
additionally provided as the structural element (processing step) . 
The increase in the additionally provided circuit scale 
(processing step) can be suppressed to the minimum circuit scale. 

25 Therefore, such an arrangement may be suitably formed in an 
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integrated circuit. Furthermore/ the deterioration of the 
reception baseband signal can be avoided, although conventionally 
the reception baseband signal is directly processed to invert the 
code polarities of the quadrature components* 

In the multiband data communication apparatus, the 
communication method, and the storage medium, according to the 
present invention, when a plurality of frequency bands are 
switched by the band switching signal to transmit the 
communication data, the local oscillation signal is produced by 
the local oscillating means (local oscillating step), and the 
phase of the local oscillation signal is changed in response to 
the band switching signal by the phase shifting means (phase 
shifting step). Then, the phase-shifted local oscillation 
signal is supplied to the second quadrature mixer for converting 
the transmission baseband signal into either the transmission 
signal or the transmission intermediate frequency signal. As a 
result, a desirable transmission signal, or a desirable 
transmission intermediate frequency signal can be obtained 
irrespective of the frequency relationship between the 
transmission signal and the local oscillation signal, and then 
the correct modulating process operation can be carried out in 
accordance with the band switching control by the band switching 
signal. To this end, only the phase shifting means (phase 
shifting step) is additionally provided as the structural element 
(processing step) . The increase in the additionally provided 
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circuit scale (processing step) can be suppressed to the minimum 
circuit scale* Therefore, such an arrangement may be suitably 
formed in an integrated circuit. Furthermore, the deterioration 
of the transmission baseband signal can be avoided, although 
conventionally the transmission baseband signal is directly 
processed to invert the code polarities of the quadrature 
components . 

Also, in accordance with the present invention, when a 
plurality of frequency bands are switched by the band switching 
signal to transmit /receive the communication data, the local 
oscillation signal is produced by the local oscillating means 
(local oscillating step) , and the phase of the local oscillation 
signal is changed in response to the band switching signal by the 
phase shifting means (phase shifting step). Then, the phase- 
shifted local oscillation signal is supplied to the first 
quadrature mixer for converting either the reception signal or 
the reception intermediate frequency signal into the reception 
baseband signal. Otherwise, this phase-shifted local 
oscillation signal is supplied to the second quadrature mixer for 
converting the transmission baseband signal to either the 
transmission signal or the transmission intermediate frequency 
signal. As a result, the correct reception baseband signal and 
the correct transmission signal can be obtained not depending upon 
the frequency band, but the correct modulating/demodulating 
process operations can be carried out in accordance with the band 
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switching control by the band switching signal* To this end, only 
the phase shifting means (phase shifting step) is additionally 
provided as the structural element (processing step) in the 
transmission system and the reception system. The increase in 
the additionally provided circuit scale (processing step) can be 
suppressed to the minimum circuit scale. Therefore, such an 
arrangement may be suitably formed in an integrated circuit. 

Furthermore, the deteriorations of the reception baseband signal 
and the transmission baseband signal can be avoided, although 
conventionally the reception baseband signal and also the 
transmission baseband signal are directly processed to invert the 
code polarities of the quadrature components. 

Also, in accordance with the present invention, as the 
structural element (processing step) used to perform the correct 
modulating/demodulating process operations in accordance with 
the band switching control by the band switching signal, only 
either the inverting means (inverting step) and the switching 
means (second supplying step) or the exclusive OR gating means 
(exclusive OR gating step) is employed. Alternatively, either 
the inverting means (inverting step) and the switching means 
(second supplying step) or the exclusive OR gating means 
(exclusive OR gating step, otherwise, the phase advancing means 
(phase advancing step) and the switching means (second supplying 
step) are employed. Therefore, the increase in the additionally 
provided circuit scale (processing step) can be suppressed to the 
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minimum circuit scale, and thus, such an arrangement may be 

suitably formed in an integrated circuit. 

Moreover, in accordance with the present invention, when 
the communication data is transmitted/received by switching a 
plurality of frequency bands in response to the band switching 
signal, the discrete data of the frequency pattern component 
functioning as a base is saved in the storage means (by storing 
step); the address generating means (address generating step) 
generates the address every preselected clock; the phase shift 
means (phase shift step) adds the predetermined number based upon 
the band switching signal to the address; the first analog 
converting means (first analog converting step) analog-converts 
the data which is read out by addressing the data saved in the 
storage means (storing step) based on the address outputted from 
the address generating means (address generating step) to thereby 
supply the analog-converted data to one set of the first quadrature 
mixer and the second quadrature mixer . The first quadrature mixer 
converts either the reception signal or the reception 
intermediate frequency signal into the reception baseband signal. 

The second quadrature mixer converts the transmission baseband 
signal into either the transmission signal or the transmission 
intermediate frequency signal. Also, the second analog 
converting means (second analog converting step) analog-converts 
the data which is read out by addressing data saved in the storage 
means (storage step) in response to the output of the phase shift 
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means (phase shift step), and thereafter supplies the analog- 
converted data to either the other mixer of the first quadrature 
mixers and the second quadrature mixer. As a consequence, the 
structural element (processing step) additionally provided so as 
to execute the correct modulating/demodulating process 
operations in accordance with the band switching control by the 
band switching signal may be realized by the DDS (Direct Digital 
Synthesizer) and the DSP (Digital Signal Processor) and the like, 
which are additionally provided in the transmission system and 
the reception system. As a result, the increase in the 
additionally provided circuit scale (processing step) can be 
suppressed to the minimum circuit scale. Therefore, such an 
arrangement may be suitably formed in an integrated circuit. 

Furthermore, the deteriorations of the reception baseband signal 
and the transmission baseband signal can be avoided, although 
conventionally the transmission baseband signal and the reception 
baseband signal are directly processed to invert the code 
polarities of the quadrature components. 



